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PREFACE 


This  document  is  an  update  of  report  MCR-74-139  prepared  for  Rome  Air 
Development  Center  under  Contract  F30602-73-C-0149,  This  uprated  version 
includes  the  results  of  additional  testing  and  analyses  recently  performed 
or.  the  circuits  fabricated  for  this  study  in  1973.  The  initial  report 
MCR-74-139  was  prepared  by  Mr.  R.  D.  Boblitt  for  work  performed  under  the 
direction  of  Mr,  R.  F.  Peluso. 
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EVALUATION 


The  polymer  adhesive  for  semiconductor  chip  and  substrate  attach  has 
some  advantages  over  conventional  eutectic  methods  primarily  for  hybrid 
parts  (where  repair  Is  facilitated)  but  also  for  other  applications,  e.g. 
where  the  temperature  of  eutectic  attach  causes  damage  to  sensitive  chips, 
or  where  no  eutectic  attach  method  Is  available,  as  In  silicon  on  sapphire 
technology.  The  reliability  of  polymer  adhesive  are  generally  outlawed 
in  Hll-M- 38510,  as  the  result  of  several  proven  and  suspected  failure 


mechanisms . 

The  present  study  of  several  typical  adhesives  has  shown  that  there  Is 
considerable  merit  In  these  materials,  aud  that  reliability  need  not  be 
sacrificed  If  polymer  adhesives  are  carefully  selected,  evaluated,  con- 
trolled and  appropriately  applied. 

The  results  of  this  study  will  be  added  to  a substantial  body  of  data 
on  epoxy  die  attach  reliability  from  studies  by  other  DOD  agencies  as  well 
as  industry  and  NASA  which  Indicate  that  there  Is  an  acceptable  place  for 
these  materials  In  high  reliability  microelectronics. 
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ALFRED  L.  TAMBURRINO 


Project  Engineer 


SECTION  1 


INTRODUCTION 


Technical  Background 

ber  oPf1™‘rSI’‘'andIiri«aVe  h""  US!d'  ln  "'l”°<=l«tronic  circuits  for  a num- 
cations  tr^rdegreriCaa°uiktofys^mifilS°tber  ?“?  **  D0D/BASA  a^11- 

r*.-0Adh?SiVeS  C°mm°nly  US£d  in  hybrid  microcircuits  fall  into  two  general 
gories-- conductive  and  nonconductive . The  conductive  materials  are 

electricLirL[iveChiP^0'SUbStrate  b°nding  Wh6re  the  bottom  of  the  chip  i» 
ctrically  active,  such  as  a transistor  collector.  These  materials  are 

silver  ^eCally  COnduCtive  by  addln8  fine  metal  particle*,  usuallj  gold  or 
del  P°Jyn,er  rSin  18  USUally  an  epoxy  fotmuiated  to  hold  the  parti- 

:ZXl”slal- alF* 

tieS  increasing  thermal  conductivity  and  improving  thixotropic  proper-  ’ 

cuitsSSlidh  ’?d  thcy  b!C“”  ”IUCh  nior'  “Witicant  when  applied  to  hybrid  cir- 

?°ndaln8  11  don'  « * l°»r  temperature  than  ' 
elements  «»3ilW  in  rhf““’  PO”ibJ'  Chen"al  ^gradation  of  aemiconductor 
r;,Sre±..  f ca”‘  °?  muU1-chlp  hyb'M>  that  must  be  subjected 

LTray,  rced  °,ICh  *dheslve  bondln«.  primarily  because  a chip  u 

eutectic  - ~ 

liver  fillers,  is  somewhat  less  than  that  of  eutectic  materials  Phlim-r 

available  for  outgassing  and  redeposit  at  elevated  temperatures  Thesl^ut 
polymer  contaminant,  tensing  .^^0^"“^  T^rT^ 
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process  problems  can  be  overcome  relatively  easily  by  carefully  controlling 
seal  time/ temperature  for  solder,  or  by  using  weld  seal  techniques  that 
localise  the  heat  at  the  seal.  Of  more  fundimental  importance  is  the  effect 
of  Miese  outgassing  products  on  functional  properties  of  semiconductor  ele- 
ments, particularly  under  long-term  exposure  to  high  temperature.  It  is 
possible  for  these  outgassed  materials  to  be  .corrosive  to  metallization,  or 
to  cause  excessive  electrical  leakage  on  high  impedance  circuits  because  of 
surface  contamination. 


Object! 

■e  objective  of  this  study  was  to  evaluate  the  use  of  polymer  adhesives 
in  microelectronics  in  both  chip-to-substrate  and  substrate-to-package  appli- 
cations. Data  generated  from  this  evaluation  were  applied  toward  an  assess- 
ment of  the  advisability  of  using  such  adhesives  in  high  reliability  micro- 
circuits  to  determine  which  polymer  testing  techniques  are  meaningful  in 
determining  polymer  microcircuit  performance,  and  to  modify  existing  military 
specifications  to  implement  use  of  polymers  in  microcircuits. 


Approach 

Vendor  Survey  - Hybrid  and  monolithic  microcircuit  manufacturers  were 
surveyed  to  determine  the  type  of  chip  adhesives  commonly  used,  to  identify 
significant  success  and  failures  experienced  with  their  use,  and  to  identify 
specific  processing  criteria  or  precautions  used  to  obtain  a good  product. 
Adhesive  vendors  were  also  surveyed  to  obtain  reliability  data  and  to  identify 
the  major  microelectronic  users  of  their  products.  Using  survey  results  and 
data  from  the  MMC  Sky  lab  Hybrid  studies,  the  MMC  Program  Manager  and  the  *MC 
Technical  Advisory  Group  selected  ten  adhesives  for  study  and  testing. 

Polymer  Evaluation  Tests  - Chemical  and  physical  properties  of  the 
selected  adhesives  were  ascertained  using  combinations  of  techniques  MMC 
successfully  employed  for  a large  number  of  polymeric  materials  in  the  Viking 
Mars  Lander  Project.  The  tests  employed  were  thermogravimetric  analysis  (TGA) , 
differential  thermal  analysis  (DTA) , residual  gas  analysis  (RGA) , quartz 
crystal  microbalance  weight  loss,  shrinkage,  thermal  conductivity,  and  spe- 
cific ion  determination.  The  TGA  in  vacuum  was  used  as  an  initial  screen  to 
reduce  the  number  of  evaluated  adhesives.  This  number  was  reduced  from  ten 
to  four. 


Processing  Evaluation  Te^ts  - These  tests  evaluated  the  processing 
characteristics  of  adhesives  to  determine  their  suitability  for  hybrid  fabri- 
cation techniques  and  the  effect  of  processing  changes  on  adhesive  reliability. 
A lap  shear  specimen  using  gold-plated  Kovar  adherents  with  a 0.1-inch  square 
bond  area  was  used  as  the  evaluation  mechanism.  Lap  shear  strengths  after 
various  temperature  storage  and  thermal  cycles  were  evaluated.  The  effect  of 
thickness  on  electrical  conductivity  was  studied.  Shelf  life  of  six  months 
was  evaluated  with  respect  to  mechanical  properties.  Repairability  using 
each  candidate  adhesive  and  its  wetting  properties  was  evaluated  by  observa- 
tion during  sample  preparation.  Detrimental  effects  of  epoxy  on  wire  bonding 
and  hermetic  sealing  were  examined. 

2 


P 


--'‘  v if-!  't 


“ 


£ 


Hybrid  Tea  Ling  - A hybrid  test  vehicle  was  designed  containing  power 
transistors  to  evaluate  thermal  and  electrical  conductivity  and  MOSFETS 
that  art*  sensitive  to  surface  contamination.  Test  vehicles  were  made  using 
each  of  the  epoxy  adhesives.  Equivalent  test  vehicles  were  made  usin^ 
eutectic  attachment  for  comparison.  Some  were  sealed  in  welded  packages 
and  some  in  brazed  packages  to  evaluate  the  effect  of  sealing  technique  on 
adhesive  performance.  Critical  parameters  measured  were  on  the 

power  transistors  and  I cc  on  the  MOSFET.  These  parameters  were  measured 

Go  O 

at  the  start  of  testing  and  after  each  test  environment  such  as  power  bum-in, 
power  cycling,  mechanical  shock. 

Device  Property  Evaluation  - A hybrid  test  vehicle  representing  each 
adhesive /package  type  was  evaluated  for  junction  to  case  thermal  impedance 
6 . The  circuit  was  scanned  with  a microradiometer  while  under  power  to 

establish  thermal  profile.  Aft^r  hybrid  testing  was  completed,  representative 
samples  of  hybrid  test  vehicles  were  analyzed  at  RADC  for  internal  gas  compo- 
sition using  mass  spectrometer  analysis. 
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SECTION  II 

PHASE  1,  VENDOR  SURVEY  AND  PRELIMINARY  DATA  EVALUATION 


Between  12  February  and  23  March  1973,  27  users  of  adhesives  in  hybrid 
microcircuits  were  surveyed  to  determine  (1)  which  adhesives  they  were  using; 
(2)  special  process  criteria  and  precautions  employed;  (3)  what  applications 
were  successful;  (4)  application  problems;  (5)  reliability  data  available; 
and  (6)  their  recommendations  for  modifications  to  MIL  screen  tests. 

The  survey  was  conducted  primarily  by  telephone;  some  users  preferred 
to  fill  out  the  standard  questionnaire  (Figure  1). 

Most  hybrid  circuit  manufacturers  surveyed  declined  to  reveal  any  de- 
tailed process  information  because  of  proprietary  considerations.  Of  those 
who  did  respond,  the  majority  use  the  epoxy  manufacturers'  recommended 
storage,  mixing,  and  curing  procedures.  The  following  materials  and  their 
uses  were  discussed  in  some  detail: 

1)  Abies tick  20-1  - used  by  one  manufacturer,  screen  printed,  for  die 
bonding. 

2)  Ablefilm  517  - used  by  three  manufacturers  for  substrate  bonding; 
used  by  two  manufacturers  for  die  bonding. 

3)  Abies  tick  ECF535  - used  by  one  manufacturer  for  chip  resistor  and 
capacitor  bonding. 

4)  duPont  5504A  - used  by  three  manufacturers  for  die  bonding. 

5)  Epotek  H-31  - used  by  two  manufacturers  for  die  bonding  (one 
particularly  for  CMOS  IC  bonding)  . 

6)  Epotek  H-72  - used  by  one  manufacturer  for  package  sealing  (applica- 
tion method  not  specified) . 

7)  Transcene  Ohmex  - used  by  two  manufacturers  for  die  bonding. 

Little  of  the  basic  material  property-reliability  information  that  might 
have  been  accrued  during  in-house  epoxy  evaluation  was  readily  available. 
Either  this  information  was  not  available  to  the  persons  surveyed,  or  it  was 
considered  highly  proprietary.  A wide  variety  of  processing  related  tests 
were  discussed,  e.g.,  chip  push  test,  chip  bond  accelerated  aging,  outgassing 
evaluation  with  high  impedance  active  devices  (MOSFETs) , and  miscellaneous 
mechanical  strength  tests.  Most  hybrid  circuit  manufacturers  evaluate  epoxy 
properties  by  simulation  of  actual  usage  conditions,  without  accumulating 
data  on  basic  properties  such  as  outgassing  rates  and  elements,  thermal 
conductivity,  and  microadhesion. 
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II. 


III. 


PHONE ( ) 

NAME_ 

HYBRID  & MONOLITHIC  MICROCIRCUIT  MANUFACTURERS 
POLYMER  ADHESIVE  BONDING  SURVEY 

Using  adhesive  bonding? 

A.  Chip  bonding 

B.  Substrate  bonding 

C.  Conductive  adhesive 

D.  Nonconductive  adhesive 

E.  Manufacturer 

F.  Type  designation(s) 

Special  process  criteria  and  precautions 

A.  Polymer  storage  conditions 

B.  Chip,  substrate  and  package  surfaces 

1.  Type  limitations 

2.  Special  preparation 

C.  Polymer  application  method (s) 

D.  Polymer  cure 

1.  Manufacturer 

2.  Special 

E.  Subsequent  process  limitations 

F.  Polymer  composition  assurance 

1.  Receiving  inspection 

2.  Lot  acceptance  testing 

G.  Bond  property  evaluation 

1 . Mechanical 

2.  Thermal 

3.  Electrical 

H.  Miscellaneous  assurances 

1.  Visual  inspection 

2.  X-ray  inspection 

3.  Other 

Successful  past  and  present  applications 

A.  Circuits  built  for: 

B.  Performance  requirements 

1.  Electrical 

2.  Environmental 

C.  Reliability  requirements 

Figure  1.  Standard  questionnaire  to  suppliers 
(spacing  closed  up  for  example). 
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Problems  in  past  and  present  applications 

A.  Circuits  built  for: 

B.  Performance  requirements 

C.  Failure  analysis 

1.  Failure  type 

2.  Reasons 

3.  Solution 

Reliability  data  (via  letter  response) 

A.  Accelerated  life  test  data 

B.  Real  life  test  data 

C.  Other  reliability  related  information 
Recommendations 

A.  Modifications  to  MIL  screen  tests 

B.  Special  acceptance  tests 

C.  Usage  limitations 

Figure  1.  (concluded). 


A meeting  of  the  Technical  Advisory  Group  was  held  on  1 March  1973  to 
select  the  materials  to  be  evaluated  in  the  initial  screen  using  thermogravi- 
metric  analysis.  Ten  materials  were  selected  for  this  initial  list: 

1)  Ablestick  20-  1,  silver  filled  epoxy  paste; 

2)  Ablestick  150-6,  solvent  thinned  epoxy  primer; 

3)  Able film  517,  glass  epoxy  film; 

4)  Ablestick  ECF535,  silver  filled  epoxy  film; 

5)  duPont  5504-A,  silver  filled  epoxy  paste; 

6)  Epotek  H-31,  silver  filled  epoxy  paste; 

7)  Epotek  H-41,  gold  filled  epoxy  paste; 

8)  Epotek  H-72,  alumina  filled  epoxy  paste; 

9)  Epotek  H-74,  alumina  filled  epoxy  paste; 

10)  Transcene  Ohmex,  silver  filled  epoxy  paste. 


SECTION  III 


PHASE  2,  POLYMER  EVALUATION  TESTS 

The  chemical  and  physical  properties  of  the  ten  representative  adhesives 
chosen  during  the  vendor  survey  phase  were  determined.  Vendor  recommended 
cure  times  and  temperatures  were  used  in  preparing  the  test  specimens.  The 
tests  commenced  in  March  1973  and  were  completed  in  July  1973.  Each  of  the 
ten  adhesives  were  subjected  to  thermogravimetric  analysis  (TGA)  and  residual 
gas  analysis  (RGA) . Based  upon  results  of  these  two  tests,  the  number  of 
adhesive  materials  for  complete  evaluation  was  reduced  to  four.  The  four 
adhesive  test  specimens  were  subjected  to  the  following  tests: 

1)  TGA-RGA  tests  in  vacuum; 

2)  TGA-DTA  tests  in  nitrogen; 

3)  Vacuum  outgassing  and  weight  loss  tests; 

4)  Thermal  conductivity  tests; 

5)  Specifications  and  conductances  tests; 

6)  Dimensional  stability. 


TGA-RGA  Tests  in  a Vacuum 

The  thermochemical  behavior  of  the  ten  selected  polymer  test  specimens 
in  a vacuum  was  determined  using  established  TGA  test  techniques.  The  tem- 
perature of  a 10-mg  sample  of  each  polymer  was  increased  at  a programmed  rate 
of  10°C/min  until  600°C  was  reached.  The  weight-loss-temperature  relation- 
ship was  recorded.  Every  12 *C  during  the  programmed  temperature  increase,  a 
mass  spectrometer  sampled  the  effluent  gases.  Hence,  the  weight  and  nature 
of  the  outgassing  products  were  determined. 

The  TGA  and  RGA  data  are  shown  in  Table  1.  The  percent  of  weight  loss 
at  each  indicated  temperature  is  given  as  absolute  weight  loss  based  on  the 
total  weight  of  sample,  and  as  adjusted  weight  loss  based  on  weight  of  resin 
in  sample.  Since  the  exact  amount  of  resin  present  was  not  known,  it  was 
assumed  to  be  the  weight  loss  at  600®C.  This  is  not  completely  accurate 
because  there  is  some  residual  resin  ash  at  600°C,  but  the  amount  of  error 
is  very  small  and  does  not  affect  the  comparative  data. 

The  TGA  data  show  that  the  materials  cured  for  .relatively  long  times  and 
at  relatively  high  temperatures  have  significantly  lower  weight  loss  than 
those  materials  cured  at  lower  temperature  and  less  time.  The  RGA  data  show 
definite  evidence  of  boron  trifluoride  activator  in  Epotek  H-31  and  H-41 
material.  Mass  numbers  19(F),  30(BF) , 49(BF2),  and  68(BF3)  are  all  present. 
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TABLE  1.  EVALUATION  OF  ADHESIVE  FOR  HYBRID  MICROCIRCUITS 
TGA-RGA  SCREENING  RESULTS  (TESTS  IN  VACUUM) 


Material 

H-31 

H-41 

H-74 

H-72 

55 

Manufacturer 

Epotek 

Epo’tek 

Epotek 

duPont 

Killer 

Ag 

Au 

100A38 

None 

Ag 

Temperature  °C/ 

150 

150 

100 

160 

Cure  hours 

1/2 

1/4 

1/3 

16 

Weight  loss 
starts,  °C 

75 

55 

80 

140 

Weight  loss 
at  125"dC,  % 

Resin 

Sample 

Weight  loss 
at  180 °C , % 
Resin 
Sample 

Weight  loss 
at  210°C,  % 


0.36 

0.056 


Resin 

Sample 

1.83 

0.44 

3.14 

0.24 

1.01 

0.25 

0.76 

0.12 

Sample  weight 
loss  at  600®C, 
% 

24.1 

7.61 

24.8 

15.73 

Outgassing  at 
12 "•C  M/E 

18,27,28,30, 
32,40,44. 
Trace  of 
45,55,56. 

18,28,30, 
32,40,44, 
and  19. 

18,28,32, 
40,44. 
Trace  of 
45,50,51. 

18,28,32 
40,44. 
Trace  of 
50,55,57 

Outgassing  at 
180 °C  M/E 

14,18,27,28, 
30,32,40,44. 
Trace  of  45. 

14,18,28, 

30,32,40, 

44,19. 

14,18.28, 

40,44. 

14,18,28 

32,40,44 

— 


'''r"  ^ " ’ 


Ohmex 


150-6 

Primer 


TABLE  1.  (concl) 


Transcene 

Ablestick 

Ablestick 

Ablestick 

Ablef ilm 

Ag 

None 

Ag 

Ag 

Glass  cloth 

150 

15 

R.T.  1 hr 
170  1 hr 

121 

1 

150 

] 

221 

1/2 

160 

60 

145 

55 

75 

1.40 

0.246 


0.60 

0.10 

0.45 

0.41 

3.01 

0.53 

1.39 

0.40 

16.7 

91.5 

17.6 

28.7 

18,28,32,40, 

44. 

18,28,30, 
32,40,44. 
Trace  of 
50. 

18,27,29,30, 
32,40,44. 
Trace  of 
45,50,55. 

14,16-18,28, 
30,32,40,44. 
Trace  of 
45,51. 

14,16-18,28, 
30,32,40,44. 
Trace  of  45, 
50. 

14,18,27,28, 
30,32,40,44. 
Trace  of  45, 
50,55,56. 

14-18,27,28, 
30,32,40,44, 
50.  Trade  of 
45,47,49,51, 

Same  as 
at  125 °C 

42,44.  Trace 
of  55,71,72. 

Same  as 
at  125 6C 


52,55,56. 


To  evaluate  the  effects  of  all  ten  selected  materials  on  the  aluminum 
metallzatlon  of  microelectronic  devices,  the  following  test  was  devised  and 
performed . 

Ten  samples  of  5-mil  Mylar  approximately  2x2  inches  square  were  coated 
with  aluminum  via  vacuum  deposition.  This  is  the  same  method  used  in  inter- 
connecting various  electrical  functions  on  microelectronic  devices.  Ihe 
thickness  of  the  aluminum  on  the  test  samples  was  -nproximately  100  microinches. 
The  adhesive  materials  were  mixed  as  prescribed  by  tne  Vendors  and  a gram  of 
eacli  material  was  placed  on  each  sample  of  aluminized  Mylar.  The  surface 
area  covered  was  2 cm^  _ 

After  24  hours,  the  H-31  and  H-41  material  had  dissolved  the  aluminum 
from  the  Mylar.  The  other  samples  were  unaffected. 

Analysis  of  the  results  indicates  that  TGA— DTA-RGA  tests:  (1)  provide 

a good  evaluation  of  thermal  stability,  (2)  provide  a good  process  evaluation 
tool,  and  (3)  generate  useful  activation  energy  information  for  thermal 
decomposition .* 


Final  Polymer  Selections 

At  a meeting  of  the  Technical  Advisory  Group,  held  19  April  1973,  four 
materials  were  chosen  for  further  evaluation.  These  were: 

1)  Epotek  H-31,  silver  filled  epoxy  paste 

2)  duPont  5504-A,  silver  filled  epoxy  paste 

3)  Abies tick  ECF535,  silver  filled  epoxy  film 

4)  Ablefilm  517,  glass  epoxy  film 

Each  of  these  materials  has  significant  use  in  industry.  A material 
having  boron  trifluoride  activator  was  purposely  chosen  so  that  this  contro- 
versial activator  could  be  evaluated.  The  two  silver  filled  pastes  represent 
a long  time,  high  temperature  cure  and  a short  time,  low  temperature  cure 
material  so  that  the  relative  merits  of  these  classes  of  resins  and  activators 
could  be  compared.  The  conductive  and  nonconductive  films  were  chosen  be- 
cause they  represent  types  of  material  that  are  widely  used,  especially  in 
high  volume  production.  The  gold-filled  paste  was  not  chosen  because  of  its 
limited  usage  in  industry. 


*H.  A.  Papazian:  "Prediction  of  Polymer  Degradation  Kinetics  at  Moderate 

Temperatures  from  TGA  Measurement."  J,  of  A.  Polymer  Soienoe  Vol  16, 
pp  2503-2510,  1972. 
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TGA-DTA  Tests  in  Nitrogen 
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Tlie  four  polymer  test  specimens  were  subjected  to  the  TGA-DTA  tests  in 
Hie  presence  of  5.2  liters  per  hour  nitrogen.  The  TGA  procedure  was  the 
same  as  previously  described.  The  differential  thermal  analysis  (DTA)  portion 
of  the  test  is  run  concurrently  with  and  uses  the  same  samples  as  the  TGA 
portion.  A reference  crucible  and  a crucible  containing  the  test  sample  are 
heated  together;  the  temperature  of ’each  crucible  is  measured.  The  reference 
crucible  material  is  inert;  thus,  a temperature  difference  between  the  two 
crucibles  indicates  that  the  test  sample  has  undergone  either  an  exothermic 
(higher  temperature)  or  endothermic  (lower  temperature)  reaction.  The 
activation  energies  for  thermal  degradation  and  temperature-time  exchange 
factors  for  accelerated  aging  tests  were  computed  for  each  of  the  materials. 
The  percentage  weight  loss  in  the  TGA-DTA  tests  was  calculated  against  total 
sample  and  total  resin  weight  as  before. 

For  the  four  final  test  materials,  a summary  of  the  TGA-DTA  (5.2  liters 
per  hour  nitrogen  flow)  test  data  is  presented  in  Table  2.  The  time  at  180°C 
that  is  equivalent  to  aging  the  indicated  hours  at  125 °C  is  also  shown;  these 
data  were  used  in  Phase  4 in  the  accelerated  aging  tests.  These  accelerated 
aging  times  were  calculated  using  the  TGA  data  graphically.  The  DTA  plots 
in  figures  2 through  5 show  no  significant  exotherms  below  approximately 
300  C.  Figures  6 through  13  were  utilized  for  the  determination  of  activa- 
tion energies  and  acceleration  factors  listed  in  Table  2. 


TABLE  2.  TGA-DTA  NITROGEN  FLOW  TEST 


Material 

Ablestick 

535 

Ablefilm 

517 

Epotek 

H-31 

duPont 

5504 

Weight  loss  starts. 

Cc) 

55 

160 

50 

210 

Weight  loss  at  125°C 

, (percent) 

0.45 

0.0 

0.13 

0.0 

Resin  loss  at  125°C, 

(percent) 

1.48 

0.0 

0.40 

0.0 

Weight  loss  at  180#C 

, (percent) 

0.56 

0.01 

0.23 

0.0 

Resin  loss  at  180°C, 

(percent) 

1.85 

0.02 

0.71 

0.0 

Weight  loss  at  210*C 

, (percent) 

0.61 

0.07 

0.39 

0.0 

Resin  loss  at  2108C, 

(percent) 

2.04 

0.14 

1.19 

0.0 

Weight  loss  at  500°C 

, (percent) 

23.2 

46.4 

18.4 

14.4 

Initial  activation  energy,  (Real) 

19.0 

36.9 

22.8 

26.9 

Time  at  180° C equivalent  aging 
to  100,000  hr  at  125*C,  (hr) 

5400 

345 

3000 

1600 

Time  at  1?5°C  equivalent  aging 
to  132  hr  at  180°C 

2450 

38,000 

4400 

8200 

Figure 
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"ft  i’l:* 

8 

10 

12 

13 


Nitrogen 


Vacuum 


573  K 
300#C 

Temperature 


Nitrogen 


Fraction  remaining 


1.0 


Vacuum 


Nitrogen 


TGA 


873  K 
600*C 


573  K 
300*C 
perature 


J K 

*C 


DTA 


Figure  4.  Epotak  H-31  adhaaiva 


Nitrogen 


Vacuum 


573  K 
300°  C 

Temperature 


Figure  5.  duPont  5504  adhesive 
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the  degradation, r^hereinetiC  eqUation  dx/dt  - k (a-x)  is  used  to  describe 

! ?!  ?he  initial  weight  in  mg. 

* Is  weight  loss  in  mg. 

th^rate  Sof  "weigh  ^1  oss  SintmgP/min^re 
equipS  wilh'a  TGA^erivative  TuTput^V/l  3 Mettler  ^^naly.er  I 

£&«?  ‘s's.t-sr.rs-js 

ki local  per  mol  1.  equal  to  .4.57  ttaea'th”  ,I0^'  aCtlvatl°"  a"«gy  1„ 


T°C 

T°K 

dx/dt 

X 

150 

432 

0.002 

0.04 

204 

477 

0.003 

0.052 

252 

525 

0.005 

0.075 

301 

574 

0.020 

0.139 

<. — < 
fw 
OC 

601 

0.037 

0.215 

355 

628 

0.052 

0.305 

a-x 

k 

0.45 

4.44  x 10“3 

0.438 

6.85  x 10"3 

0.415 

1.21  x 10“; 

0.351 

5.70  x 10~? 

0.275 

1.35  x 10'1 

0.185 

2.81  x IQ'1 

a = 0.; 
Initt  . 

(Sl0|5G 


mg- » Slope  b (Figure  7) 

' ' ' ivation  Energy  - i9i0  Kcal/mol 


-4.16 


a 


-oj  w.v  ivtai 

considered  insignificant) 


log  k 

io3/t°k 

-2.353 

2.313 

-2.164 

2.09 

-1.918 

1.905 

-1.244 

1.742 

-0.870 

1.664 

-0.552 

1.592 

Figure  6. 


Ablestick  535  Adhesive, 


Arrhenius  Relation  in  Nitrogen 
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PhhhHH 


T°K 

dx/dt 

X 

483 

0.002 

0.004 

508 

0 003 

0.008 

533 

0.004 

0.012 

558 

0.005 

0.016 

585 

0.006 

0.024 

610 

0.015 

0.050 

635 

0.045 

0.125 

659 

0.145 

0.380 

683 

0.385 

1.100 

a-x 

k 

3.956 

5.0b  x 10"1' 

3.952 

7.59  x 10"1' 

3.948 

1.013  x 10~3 

3.944 

1.268  x 10- 1 

3.936 

1.524  x 10"3 

3.910 

3.836  x 10“3 

3.835 

1.174  x 10"~ 

3.580 

4.05  x 10"- 

2.860 

1.346  x 10"1 

log  k 

103/T°K 

-3.296 

2.070 

-3.120 

1.969 

-2.994 

1.876 

-2.897 

1.792 

-2.817 

1.709 

-2.416 

1.639 

-1.931 

1.575 

-1.393 

1.517 

-0.871 

1.464 

a = 3.96  mg,  Slope  b (Figure  9)  = -8.068 

Initial  Activation  Energy  * 36.872  Kcal/mol 
(Slope  a is  considered  insignificant.) 


Figure  8.  Ablefilm  517  adhesive,  Arrhenius  relation  in  nitrogen 


r< 

T°k 

dx/dt 

a-x 

k 

loj;  k 

10J/T°K 

24  3 

516 

0.005 

0.060 

0.515 

9.709  x 10“ 

-2.013 

1.938 

> /() 

54  1 

0 .008 

0 .08  7 

0.488 

1 .64  x 10“’ 

-1.785 

1.842 

,">'i 

46/ 

0.020 

0. 125 

0.450 

4.44  x 10“ 

-1. 153 

1.764 

HIM 

5HL 

0.026 

0. 160 

0.413 

6.2  7 x 10“ 

-1.203 

1.721 

320 

593 

0.0J5 

0.210 

0.365 

9.59  x 10“ 

-1.019 

1.686 

333 

606 

0.047 

0.265 

0.310 

1.516  x 10-1 

-0.820 

1.650 

345 

618 

0.058 

0.340 

0.233 

2.47  x 10-1 

-0.608 

1.618 

* = 0-575  mg..  Slope  (Figure  11)  ■ -5.0 
Initial  Activation  Energy  - 22.85  Kcal/mol 

Figure  10.  Epotek  H-31  adhesive,  Arrhenius  relation  in  nitrogen. 
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T°C 

T°K 

dx/dt 

X 

a-x 

240 

513 

0.002 

0.005 

1.455 

265 

538 

0.008 

0.021 

1.439 

260 

563 

0.025 

0.068 

1.392 

H)3 

576 

0.038 

0.118 

1.342 

315 

588 

0.052 

0.178 

1.282 

328 

601 

0.067 

0.244 

1.216 

k 

iag  k 

10  3/t°k 

1.37 

X 

10"3 

-2.813 

1.949 

5.56 

X 

io-3 

-2.255 

1.859 

1.79 

X 

1G"2 

-1.747 

1.776 

2.83 

X 

10"2 

-1.548 

1.736 

4.06 

X 

10"2 

-1.392 

1.701 

5.51 

X 

10~2 

-1 .259 

1.664 

a - 1.46  mg,  Slope  (Figure  13)  ■ -5.88 
Initial  Activation  Energy  * 26.88  Kcal/mol 

figure  12.  duPonc  5504A  adhesive,  Arrhenius  reiatlon  in  nitrogen. 
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The  shape  of  the  TGA  curve  depends  primarily  upon  the  kinetic  parameters 
involved,  namely,  the  reaction  order,  the  frequency  factor,  and  the  activation 
energy.  The  values  of  these  parameters  can  be  of  major  importance  in  the 
elucidation  of  mechanisms  involved  in  adhesive  degradation  and  in  the  esti- 
mation of  thermal  stability.* 

Evaluation  of  the  DTA  and  TGA  data  in  conjunction  with  hybrid  test  data 
generated  later,  gives  some  insight  into  the  relative  value  of  tests.  There 
does  not  appear  to  be  any  useful  correlation  between  DTA  data  and  perfor- 
mance of  an  adhesive  in  a hybrid.  The  TGA  data  correlate  fairly  well  with 
the  degree  of  contamination  expected  from  an  adhesive.  The  materials  with 
the  highest  weight  loss  at  180°C  have  the  lowest  activation  energies,  and 
show  the  greatest  tendency  to  cause  surface  leakage  on  devices. 


Vacuum  Outgassing  and  Weight  Loss 

Polymers  used  ir,  hybrid  microcircuits  will  outgas  at  operating  tempera- 
tures. These  products  can  contaminate  the  microcircuit  or  adjacent  devices, 
degrading  their  performance.  A maximum  allowable  outgassing  rate  should  be 
established  that  will  minimize  the  probability  of  device  degradation.  These 
vacuum  outgassing  tests  measured  the  outgassing  rate  of  the  four  test  ma- 
terials. In  performing  the  outgassing  test,  a quartz  crystal  microbalance 
(QCMB)  was  used  to  measure  the  rate  o F condensible  outgassing  products  issuing 
from  the  sample.  The  effusion  cell  temperature  was  set  at  51.6°C  (125°F)  and 
the  cooled  QCMB  was  set  at  liquid  nitrogen  temperature. 

The  polymer  sample  was  placed  in  a small  cylindrical  furnace  fitted 
with  a small  orifice.  A QCMB  was  placed  above  the  orifice.  The  natural 
frequency  of  the  QCMB  changes  with  mass;  therefore,  the  frequency  changes  as 
outgassing  products  from  the  furnace  condense  on  the  QCMB.  The  QCMB  was  mass- 
frequency  calibrated  before  the  outgassing  tests.  The  QCMB,  cooled  with 
liquid  nitrogen  during  the  test,  was  connected  to  suitable  electronic  cir- 
cuitry to  energize  the  crystal  and  measure  the  frequency.  The  furnace  was 
stabilized  at  51.6°C  and  the  outgassing  allowed  to  impinge  upon  the  QCMB. 

The  rate  of  condensation  was  measured  until  either  the  rate  approached  zero 
or  the  rate  stabilized. 

The  vacuum  outgassing  and  weight  loss  results  are  summarized  in  Table  3. 
The  results  from  these  tests  indicate  a steady-state  condensible  outgassing 
rate  less  than  0.002%  per  day  for  each  of  the  four  materials  tested.  This 
test ^indicates  the  outgassing  rate  to  be  expected  of  polymer  materials.  At 
51.6  C,  however,  this  temperature  is  apparently  too  low  to  be  relevant  to 
microcircuit  applications.  There  was  no  apparent  correlation  of  this  data 
with  hybrid  testing  data  on  adhesives. 


*Norbert  M.  Bikales: 

1971 


"Characterization  of  Polymers." 


Interscience,  N.Y. 
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TABLE  3.  VACUUM  OUTGASSING  AND  WEIGHT  LOSS 


Material 

Abies  tick 
535 

Able film 
517 

Epotek 

H-31 

duPont 

5504 

Test  temperature,  (°F) 

125 

125 

125 

125 

Monitor 

QCMB 

QCMB 

QCMB 

QCMB 

Time  in  steady  state 
test,  (hr) 

3 

6 

6 

3 

Condensible  outgassing 
rate,  (percent/day) 

3.97  x 10-4 

1.50  x 10"3 

1.84  x 10“3 

1.94  x 10-4 

Weight  loss,  (percent) 

0.21 

0.46 

0.37 

0.053 

Thermal  Conductivity  Tests 

It  Is  important  that  the  polymer  adhesive  efficiently  conducts  the  heat 
generated  by  the  microcircuit  to  a heat  sink  so  that  allowable  operating 
temperatures  are  not  exceeded.  These  thermal  conductivity  tests  are  designed 
to  allow  evaluation  of  the  conductivity  of  the  four  test  polymers. 

Thermal  conductance  and  conductivity  measurements  were  made  using  ad- 
hesive samples  bonded  between  aluminum  plates,  the  conductivity  of  the  alumi- 
num plates  being  a known  value.  The  guarded  hot  plate  technique,  ASTM  C-197, 
was  used.  Although  the  possibility  of  a temperature  discontinuity  at  the 
aluminum-adhesive  interface  is  acknowledged,  the  conductance  and  conductivity 
of  the  adhesive  were  calculated  by  assuming  a linear  temperature  drop  across 
the  adhesive  with  no  discontinuities  at  the  interfaces.  Multiple  measurements 
of  a variety  of  thicknesses  of  adhesive  would  have  been  required  to  evaluate 
the  adhesive  interface  thermal  resistance.  (See  Figure  14.) 

The  results  of  the  thermal  conductivity  tests  are  presented  in  Table  4. 
The  duPont  5504  had  the  highest  conductance  at  150#C  while  Ablestick  535  had 
the  highest  conductance  at  room  temperature  (25#C) . Valid  test  data  was  ob- 
tained only  with  material  thicknesses  greater  than  the  1 to  5 mils  usually  em- 
ployed in  actual  usa^e.  It  is  concluded  that  the  value  of  the  thermal  conduc- 
tivity test  in  the  evaluation  of  hybrid  microcircuits  adhesives  is  limited 
even  though  there  was  some  degree  of  correlation  with  the  thermal  impedance 
determinations  of  the  device. 


Heat 

source 


Aluninua 

plate 


Adhesive 


Aluninua 

plate 


Heat 

sink 


Figure  14.  Temperature  drop  in  thermal 
conductivity  measurement. 
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TABLE  4.  THERMAL  CONDUCTIVITY 


Material 


Epotek 

H-31 

duPont 

5504 

Ablestick 

535 

Ablef ilm 
517 

0.00068 

±0.00026 

0.00094 

±0.0004? 

0.00384 

±0.00210 

0.00136 

±0.00019 

0.00090 

±0.00042 

0.00559 

±0.00480 

0.00414 

±0.00235 

0.00176 

±0.00049 

0.076 

±0.030 

0.093 

±0.041 

0.130 

±0.071 

0.039 

±0.006 

0.101 

±0.048 

0.550 

±0.472 

0.141 

±0.080 

0.051 

±0.014 

Conductivity  at  RT  W/cm°C 
Conductivity  at  150°C  W/cm°C 
Conductance  at  RT  W/cm2°C 
Conductance  at  150°C  W/cm2oC 


Ion  and  Conductance  Tests 

conn  Jhe,presenc®  of  certain  metallic  elements,  such  as  sodium,  potassium 

L£taW  pho8phorus  311(1  chlorine,  in  hybrid  microcircuits  can  be  deJri- 

mental  to  performance.  Tests  wer'  conducted  to  determine  the  presence  of 

fP:L“ic  Nion%in  four  test  polymers.  The  percentages  by  weigh  of  the 
nts  a,  Ca,  Si,  Cu,  B,  Ag,  and  A1  were  determined  using  the  microeram 

technin%  Tter-  1Qu*UtatiVe  ta8‘8  chlorine  were  made  usLg  t^same 
technique.  To  supplement  this  test,  samples  of  each  adhesive  werf  IiIcIa 

hours  after  COndUCtance  °f  the  water  TOa8ured  «t  0,  24  and  40 


ion  r8eT  tH!  8pecific  ion  ®d  ^ conductance  test  summary.  The 

^ rsas  5*=-  - 

J?*fil8JU8*£ul  becau8e  raaterials  can  be  analyzed  for  element  that  are  ’ 
determined^  deCri,l,enCal  t0  clrcultry  whether  ,r  not  ion  aveilablUty  can  be 


Dimensional  Stability 


desirable^ro  l1”"810"'1  “ability  of  the  polymer  during  curing  end  aging  ; 
desirable  to  help  ensure  integrity  of  the  bond.  The  amount  of  shrinkaee  i* 

cu^e^s^V*  dim?n8io*al  stability.  For  determination  of  shrinkage  dSrini 
cure,  specimens  of  each  polymer,  were  prepared  into  0.500  x 7.000-iJfch  thin 
lm  strips  on  a frosted  glass  surface.  The  specimens  were  then  cured  in 

lenarh81*06  With  the  manuf acturer ' 8 recommendations . Changes  in  width  and 
length  were  accurately  determined  to  calculate  shrinkage. 


To  determine  shrinkage  during  life,  specimens  were  placed  in  a venti- 
thllt  ove*J  ^tb  controlled  humidity.  Measurements  were  made  after  each  of 

co^rni°n7ia1>nS!  n°* ,;emper>ture  (RT)  without  relative  humidity  (KH) 
control,  7 days  at  23  ±2  C and  45  +5X  RH,  7 days  at  50  ±2#C  and  20  ±5%  rh 
and  7 days  at  23  ±2*C  and  45  ±5*  RH.  **  KH* 
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TABLE  5.  SPECIFIC  IONS  AND  ION  CONDUCTANCE 


Materials 


Specifications,  Si 

percent  by  weight  ^ 
through  film 
spectrometer  B 


Epotek 

H-3i 

0.001 

0.001 

0.001 

0.001 

0.100 

1.000 

0.005 


duPont 

5504 

0.001 

0.001 

0.001 

0.050 

0.001 

1.000 

0.001 


Ablestick  Ablefilm 
535  517 


0.001 

0.100 

0.200 

0.005 

0.100 

1.000 

0.100 


517 

0.001 

0.001 

0.200 

0.001 

0.100 

0.001 

0.005 


Conductance, 

mhos/cm 


Controls 
0 hr  at  0.4 
24  hr  at  4.6 
48  hr  at  9.0 


Shrinkage  of  the  adhesive  materials  varied  between  zero  and  0.15%  during 
curing;  shrinkage  during  aging  varied  between  zero  and  ?*0* t of 
stick  517  expanded  0.142  during  RT  aging.  Because  of  the  sma-1  amount  of 
shrinkage  setting  maximum  allowable  shrinkage  limits  for  an  adhesive  for 
ScSclfcllt'  iould  not  necessarily  help  In  determination  of  an  acceptable 
adhesive  material.  (See  Table  6 for  test  results.) 

TABLE  6.  CURE  AND  AGING  SHRINKAGE 


Material 

Cure  temperature,  °C _ 

Cure  time,  (hr)  

Shrinkage  on  cure,  (percent) 

Room  temperature,  (percent),  for 
30  days  W/0  controlled  RH 

7 days  at  23  ± 28C  and  45  ± 

5%  RH,  (percent)  

7 days  at  50  ±28C  and  20  ± 

5%  RH,  (percent)  - 

7 days  at  23  t 28C  and  45  ± 

52  RH,  (percent)  


NOTE:  "+"  represents  the  expansion 

represents  the  shrinkage 


Epotek 

H-31 

duPont 

5504 

Able film 
517 

Ablestick 

535 

150 

160 

150 

150 

1/2 

16 

1 

1/2 

-0.15 

-0.03 

0.0 

0.0 

-0.12 

-0.04 

0.0 

0.0 

+0.16 

+0.04 

+0.14 

-0.07 

+0.24 

+0.05 

+0.04 

-0.02 

-0.02 

—0  *03 

-0.09 

0.0 

-0.02 

-0.03 

-0.09 

0.0 

0.0 

—0 .03 

-0.02 

0.0 

0.0 

-0.03 

-0.03 

0.0 

-0.02 

-0.03 

-0.09 

0.0 

-0.02 

-0.03 

-0.09 

0.0 

SECTION  IV 


PHASE  3,  PROCESSING  EVALUATION 

lo  evaluate  die  utility  of  a polymer  adhesive  for  hybrid  microcircuits, 
processing  characteristics  must  be  considered  in  addition  to  the  basic  ma- 
terial properties  evaluated  in  the  previous  section.  Lap  shear  strength 
after  temperature  storage  or  thermal  cycle,  the  effect  of  bond  thickness  on 

electrical  conductivity,  the  effect  of  six-month  shelf  life  on  effects 

strength,  repairability  and  handling  properties  of  adhesives,  and  the  effect 
of  adhesives  on  wire  bonding  and  hermetic  sealing  were  evaluated  during  Phase 

3. 

In  general,  an  ideal  test  specimen  is  one  that  closely  matches  in  form 
and  function  the  material  or  device  to  be  evaluated.  It  would  appear  that 
the  best  way  to  evaluate  chip  adhesives  is  to  bond  chips  to  a typical  sub 
strate  and  then  test  and  bond  in  some  manner.  Unfortunately,  the  process  s 
difficult  to  control  with  sufficient  precision  to  allow  differences  to  be 
sufficiently  amplified  for  comparison.  For  example,  it  is  difficult  to  Pre- 
cisely vary  adhesive  thickness,  and  it  is  very  difficult  to  gee  a reproducible 
mechanical  test  on  a chip  because  of  its  physical  size. 

Because  of  these  difficulties,  a special  lap  shear  test  specimen  was 
used.  The  basic  specimen  was  two  pieces  of  gold-plated  kovar  shim  stock  with 
an  adhesive  bond  lap  joint  of  0.1-inch  square.  The  sp< ecimens  wer* 
and  cured  in  a Teflon  fixture  that  accurately  controls  bond  area  and  adh 
thickness.  Such  a specimen  is  easily  evaluated  for  mechanical  strength  by  a 
lap  shear  Lest.  It  may  also  be  checked  for  electrical  conductivity  by  use  of 

a bridge . 


Lap  Shear  Strength 

Up  shear  specimens  were  prepared  for  each 
There  were  two  cures  used  for  each  adhesive  except  duPont  5504.  This  material 
has  an  alternative  cure  of  260‘C  for  one  hour,  but  the  temperature  was  judged 
to  be  too  high  for  hybrid  usage.  The  specimens  ware  divided  in  to  four  groups . 
The  control  specimens  were  pull  tested  with  no  exposure  J«8PeC^n^^"  . 
ment.  The  other  three  groups  were  each  subjected  to  a * 

(1)  200  hours  at  125°C,  or  (2)  100  hours  at  -100  C,  or  (3)  100  cycle  f 
-75 °C  to  150 °C . Average  pull  test  data  are  shown  in  Table  7.  lap 

elusions  can  be  reached  that  would  apply  to  all  materials.  The * fact  that  lap 
shear  strength  is  subject  to  a great  deal  of  scatter  and  that  the  mi 
strength  needed  in  most  hybrids  is  relatively  small,  makes  the  usefulness  of 
such  a test  as  routine  evaluation  questionable. 


Electrical  Conductivity 

Past  experience  with  conductive  epoxies  lias  shown  that  with  iraPr°P®r 
mixing  or  with  inferior  materials,  the  electrical  resistance  of  a chip  bond 
will  be  unacceptably  high.  This  can  also  be  caused  by  using  a hond 
that  is  great  enough  to  allow  particle  settling  before  cure.  An  attempt  was 
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PROCESS  EVALUATION  LAP  SHEAR  DATA 


lhick::jhL\;irf“rtro“  n „ : lesTh"  ntzitzi  vth  bond 

u:nvbltYh°r t,iat  t,,e  -«*•  c„„taci^sls^:n":La:rzh*rr."rre 

u ^«iedrei«"rsh» ; v couid  not  w ^ 

nj.ured  reliably  We  c^clud/Jh  T * “ b<!  t0°  l0“  In  rasl»“"“  to  be 
ness  on  conductivityWfor°theUmaterla;  Evaluated?0 


Shelf  Life 


srrpnlt'r  e^^ect  of  six  "’onths1  storage  of  the  four  adhesives  on  lap  shear 

;»“•=  ss.  irsf-i  =■£;-•■'■ 


Kepairao ill ty-Handl ing 

aHhPsfP/irabilitL  was  evaluated  fay  making  lap  shear  specimens  of  each 

Sheets  z 

^ AfS.'LSSA  .5S.T&  XT  “ 

lated?Plnl0n8  °f  the  englneers  and  technicians  conducting  the  test  are  tabu- 


Material 
duPont  5504A 


Epotek  H-31 


Ableatick 

ECF535 


Able film  517 


Comment 

This  adhesive  is  fairlv  hard  to  handspread.  It  develops  a 
skim  over  the  top  before  the  chips  can  be  placed  down  It 
"ot  £1~  —Uy.  ^ i»  -ore  difficult  to  cut^d  chip 

3.tX25.0th‘r  '?<”'leS  • EaCh  Chlp  br°1'e  “»*"  te»oval 

This  adhesive  is  easy  to  spread  by  hand.  It  flows  easily. 

A ter  being  cured,  there  is  no  evidence  of  excess  flowing 
of  resin.  Th«.  chips  were  easy  to  remove  and  all  live 
chips  came  off  in  one  piece . 

After  cutting  preforms  from  the  sheet,  the  ECF535  is  verv 
easy  to  handle.  No  excess  flow  was  noted.  IVo  ot  the 
chips  broke  into  pieces  when  being  removed. 

After  cutting  preforms  from  the  sheet,  the  517  film  was 
packages^"*116  ^ 4“  making  epoxy  8ubstrates  into 
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Sis  cannot  be  fc J® J • tbls  qualitative  analy- 
statement.  A qualitative  analysis  bv  the  educations  in  a quantitative 
L,‘c  following  conclusions:  Y engineers  and  technician*  provided 


1) 


2) 


Handling  Characteristics: 

Best  H-31  - Epotek 

517  - Ablefilm 

ECF535  - Abies  tick 

Worst  5504  - duPont 

ve'l“;hOUr  tlM  requlred  f°'  ‘he  duPont  epoxy  Is  not  con- 


quate' ‘Pr“d  * — t to  show 

evaluation  of  Sefffng : pro««l.s  Tr.  (creep).  THU 

chips  on  thin  and  thick  film  substrates  ’’’’ihe^mdll'  "*!  qu*llt« five , "sing 
indicated  Epotek  H-31  had  the  best  haS^n? andJin8  characteristics  tests 
5504  had  the  worst.  Hence  the  ,!h«ar  . * characteristics,  while  duPont 
of  wetting  properties.  The  selected  adhesl°r8t  WCre  chosen  for  evaluation 
allowed  to  stand  for  varying  tenaths  at  aPPlled  tG  the  pad8 

Longer  periods  of  time  before  attachina  th^rM f°re  attachment  of  the  chips, 
tendency,  amplifying  this  characterise.  * P WlU  lncrea8e  the  spreading 


had  c™n«yer4ct”:ppit  sst  srsrr  «•« 

bonding3  “™d  ™ creeT^trc^rp^ferrilrr* 


Effect  of  Adhesive,  on  Hire  Bonding  and  Hermetic  Sealing 

The  use  of  epoxies  in  hybrids  may  cause 
faces.  This  can  create  problems  with  certain  nr  16  filn8  t0  fonB  011  sur- 
vehicles,  it  was  found  that  th«e  wls  n!  S Proce88e»;  Using  hybrid  test 
slight  difficulty  in  making  ultrasonic  00  8!?lln8  yl*ld-  was 

come  by  increasing  the  power  and  time  DsrsJL#-01^8 ’ difficulty  was  over- 
change In  power  se tt  ing^I^no^in ^ tself  °"  I;*1®,.  wire  bonder . The 

a greater  tendency  for  wire  bond  h«''cr.^™g  ' eXC*Pt  ttat  U c0,lld  “«• 

of  the'ultrasonic^energy^used6  * **  «»*«■«  action 

surfaces  to  be  bonded  Wr.  ttd  Jrtatrl^iJrtSLiSfTl"'^0!  th'  Mtl”8 
allowing  an  intimate  contact  of  the  nun ■IS/.f  It  K 8crubbad  *way 
fuse.  One  can  see  why  more  difficulty  fhefeby  causing  them  to 

an  ordinary  amount  of  contamination  exists  lncur5®d  wh*n  ■or*  than 

the  case  mentioned,  more  time  and  nnu.r  ™ °n  ’“^•c®8  to  be  wire-bonded.  In 
epoxy  contamination.  P * W®r*  n,c*saary  to  break  through  the 


SECTION  V 

PHASE  4t  hybrid  testing 

. Hybrid  tic s t ing  determined  the  effects  of  aging  and  high  stress  environ- 
ments upon  hybrid  microcircuits  using  the  four  selected  adhesives  for 
bonding.  Test  specimens  employing  eutectic  chip  bonding  were  also  included 
or  comparison  purposes.  A secondary  objective  was  to  determine  the  ade- 

TmoSFCT  d'evice^V0  6Valuate  hybrid  "^circuits  employing  adhesive  bondings 
A MOSFET  device  and  a power  transistor  were  chosen  as  the  test  chips  There 

were  wo  package  types:  weld  sealed  and  solder  sealed.  Hence  there  wem 

en  (iO)  test  groups,  five  of  each  package  type.  Of  these  five  groups  three 
utilized  eutectic  substrate  bonds  and  epoxy  chip  bonds  with  Epotek  H 31 

chi°nb  5h°4A’ /nd . Ablestick  535  material  respectively,  one  utilized  eutectic 

b^th  h?  aU  s“bstrates  bonded  with  Able film  517,  and  one  group  utilized 
both  chip  and  substrate  eutectic  bonds.  A minimum  of  ten  packages  of  each 

type  were  fabricated  by  me  in  order  to  obtain  a minimum  of  eight  packages 
in  each  group  for  evaluation  testing.  The  eight  best  test  packages  of  Lch 
screening.  Selected  “sting  a<*er  hermeticity,  ,-ray,  andP 

5er,  A!  f maj°r  uncertainty  associated  with  the  use  of  adhesives  is  the  ef- 
fect  of  long-term  aging,  half  of  the  test  samples  were  subjected  to  an  ac 
celerated- temperature  aging  stress  at  180°C  for  132  hours  The  ea-iivalpnf 
hours  of  life  for  each  material  at  125*C,  in  accordant  with Arrhe’ 
analysis  of  polymer  degradation  kinetics,  is  shown  in  Table  2. 

ri.h/S6  15  Pre8?nJtS  tHe  tCSt  fl°W  dia«ram:  the  numbers  in  the  upper 
right-hand  comers  indicate  the  quantity  of  test  specimens.  With  about 

1 of  the  test  items  subjected  to  the  accelerated  aging  test,  the  effect 

aLlas^T*  brea£down  or  caP®Hility  to  meet  minimum  requirements  can  be 
assessed  As  shown  in  Figure  15,  samples  of  aged  and  unaged  parts  were 

subjected  to  step  stress  power  cycling  and  thermal  shock.  The  thermal  shock 
lim  s were  increased  to  -200  to  +300®C  in  25°C  increments  L p^r 

fy830RhrWS  berformed  *n  5,000-cycle  ( 83  hr)  increments  until  50,000 

aSC1 rued-  ^ tests  t0  hl8h  levels  provide  information  on 

b^H  y,/afety  factol  » 80(1  mar«in  °f  the  aged  and  unaged  adhesively 

UmJtaMo  C^S  ,t0  ~£  thCSe  environ«*nts,  and  to  Indicate  telt  leveL  or  * 
limitations  that  may  be  required  for  such  devices. 

Detailed  step-by-step  descriptions  of  the  testing  performed  and  the 
Setae's!'"  ^ the  £°UoWtng  *ub!ecl:1‘,n*  a description  of  the 


Test  Specimens  Description 

^ vehJcles  used  a "*tal  oxide  semiconductor  silicon 

t oi  indicaLrran8d  ” (M0SFET)  d6VlCe  (Flg-  16>  88  8 a^face  contamina- 
tion  indicator,  and  a power  transistor  to  test  the  thermal/electrical 
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Screening 


Control  samples 


Electrical  108* 
measurements 


Power  cycling  78 


Mechanical  shock 


* includes 
control 
samples 


Select  8 devices (min) 
of  each  material/ 
package  config- 
uration and  allo- 
cate 1 each  for 
control  samples. 


58  40 

High-temperature  Storage  High-temperature  aging 

r%i.  « i CftO/i  1 


24  hr,  150  C 


Power  burn-in 


Electrical 

88*1 

sieasurements 

__t 

112  hr,  180°C 


Electrical  88* 
measurements 


Thermal  shock  76 


Centrifuge 


Electrical  86* 

measurements 


Hermetlclty 


Note: 

Table  8 identifies 
S/N’s  for  each  block 


Thermal  shock  19  Power  cy-  19 

step  stress  cling  step 

(sample)  stress  (sample) 


Figure  15.  Test  flow  diagram. 
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characteristics  of  the  polymer  ^ 

devices  were  chosen  rather  t an  c P were  use<j , . a Siliconix  CPMI01 

solder  seal  package  and  a we  ®*ad  ^ t changes  in  leakage  current.  The 

geometry^f^its^lumjnum^etalll^atlon  lends  Itself  to  detectlngjiurface^ 

leahage  V W- 

less  than  -0.1  nA  at  V - -20  V.  The  length  o£  the  gate  metal 
310  a 10-3  laches,  while  the  ^ce^hetween 

the  source  ”"hetr«s”“vlty  of  5 X 109  megohms  per  square  can  be  de- 
recUdTy  noless  then  a 1002  Increase  In  gate  leahage  current. 


Figure  16.  M0SFET  3N167. 


A II  2N2987  chip  (Fig.  17)  «•  chosen  to  evaluate  U a 15 

electrical  resistances  Incurred  n a (»»■  1fampere  collector  rating, 
watt  high-frequency  power  tr*"9‘r°r“080  lnPhes*  yielding  a die  bond  area 
The  chip  dimensions  measure  0.045  * „„  because  of  its  typical  size  and 
of  0.0036  in.2.  This  chip  was  chosen  because  ol^t^  TP  8atur,. 

geometry,  andreiatluelylowand  P_  b . 20  „*).  since  the 

tlon  voltage  (typically  0.2  V at  ic  B _ 

collector  current  passes  through  the  die  bond  a -J* ament . 
lector  to  emitter  saturation  voltage,  'CE(sat)’ 
quality  of  the  bond. 

Four  (4)  MOSFET  chips  and  four  (4)  power  transistors  were  mounted  i 
each  hybrid  package  (Fig.  18). 
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ivf  ^'51^:  ■ 


3h|  1 


Figure  17  Power  Transistor  TI  2N2987 


Be„^hs/8hyr‘vs?i^  aLTri a"  ■* 

5/8  x 5/8-inch,  22-lead  flatpack  (P/N  501811  99122-D  and  the  Tekfot 

were  selected  to  accommodate  four  MOSFET^n  'plr  J Pl"  C°Unt 

common-body  connection  = 13  pins')  and  f ( pi  h devlce>  Plus 
«ach  device,  pl„,  co_o»  <*  Pi- 

solder-sealed  in  a Dix  flatpack  sealer  P,.u  ^ " Jh  Bendlx  Package  was 
hesive  to  thermal  stress  during  seal  kf ^jeCting  Che  P°lymer  ad- 

using  a special  weldable  lid  purchased  fh  T®kform  Package  was  weld-seal 
Equipment  Corporation.  The  Tekform  ™ 1°*  packa*e  fr°m  Solid  State 
Equipment  Corporation  weld  seaUr  °n  3 Solid  State 

thermal  stress  was  imposed  on  the’polymer^urilTsiiu™112*  *"*  "° 

standard  finish^or  thick-f ilm^r  i ^ thlCk  96%  alumina  material  with 
Plessey  C7005  gold-p^Lli^^  ^ ^ Pad*  a"d  c°"d-‘ors  wet 

sonic  aluminum  bonds  alter  ext^S  ^ 

rd  ^^!t:^Vund  TT pure  801 

SS!”  of  dlffusIon  Mt»  of  gold « 
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Figure  18.  Hybrid  package  used  in  testing. 


The  reverse  side  of  the  substrate  was  printed  with  MMC's  standard 
checkerboard  pattern  for  eutectic  bonding  to  the  package.  The  substrate  wai 
Bonded  into  the  package  before  polymer  adhesive  die  bonding  using  a eutectic 
preform.  Eutectic  bonding  of  the  substrate  was  chosen  so  that  the  only 
polymer  adhesive  in  the  package  would  be  the  chip-to-substrate  adhesive 
If  a substrate-to-package  adhesive  were  used  in  the  same  package  with  a’ 
chip  adhesive,  it  would  be  impossible  to  distinguish  which  polymer  was 
a fecting  device  properties.  Two  of  the  ten  test  groups  utilized  adhesivelv 
bonded  substrates  and  eutectically  bonded  die.  Also,  two  groups  of  test 
packages  having  eutectic  substrate  and  eutectic  chip  bonds  were  fabricated 
and  included  in  the  test  matrix  to  establish  a baseline  of  performance  for 
the  test  vehicle. 


Both  ultrasonic  (aluminum  wire)  and  thermocompression  (gold  wire)  bond' 
were  used  in  the  test  package.  This  introduced  gold/aluminum  couples  that  ~ 
would  be  quite  sensitive  to  possible  corrosive  effects  of  polymer  outgassing 
or  decomposition  products.  The  aluminum  wire  was  used  in  the  MOSFET  pad-to- 
t hick- film  substrate  and  in  the  power  transistor-to-substrate  bonds.  The 
gold  was  used  in  the  substrate-to-package  bonds.  The  size  and  number  of  bon 
wires  to  the  power  transistor  provide  adequate  margin  to  ensure  that  wire 
sag  or  melt  will  not  occur.  All  hybrid  test  packages  were  fabricated  to  the 
general  requirements  of  MIL  STD-883,  Level  B,  or  to  the  requirements  of  the 
Martin  Marietta  processes  in  the  case  of  adhesive  bond  visual  criteria.  Pre 
cap  visual  and  electrical  tests  ensured  the  proper  performance  of  each 
device . 
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The  detailed  requirements  for  the  tests  that  were  performed  are  tabu- 
lated . 


TEST 

CONDITION 

DETAILED  REQUIREMENTS 

Hermeticity 

Fine  leak 

A 

Bomb  pressure  - 30  pslg  -0,  +10% 

B 

Bomb  time  ■ 1 hour  minimum 

C 

Dwell  time  ■ 30  minutes  maximum 

D 

Measured  leak  rate  5 x 10“7  atm/cc/sec 

Gross  leak 

A 

Perform  full  gross  leak  test 

B 

Bomb  pressure  - 30  pslg  -0,  +10% 

C 

Bomb  time  ■ 5 hours  minimum 

X-ray 

A 

Radiographic  film  at  two  densities 

B 

Y axis  only 

Electrical  measurements 

A 

See  Page  44 

B 

Perform  at  25  ± 5*C  ambient 

High  temperature  storage  I 

A 

Storage  temperature  ■ 150  °C 

B 

Test  duration  ■ 24  hours 

High  temperature  aging  II 

A 

Storage  temperature  180°C 

B 

Test  duration  * 132  hours 

Power  burn  in 

A 

Test  temperature  - 125  ± 5°C  ambient 

B 

(25  ± 5*C) 

Test  duration  - 240,  -0,  +24  hours 

C 

Test  circuit  (See  Fig.  1.) 

Power  cycling 

A 

Power  levels  ■ sufficient  to  raise 

B 

junction  temperature  to  100°C 

Test  duration  ■ 5000  cycles  (^83  hours) 

C 

Test  circuit  (See  Page  44) 

Thermal  shock 

A 

Fifteen  cycles,  +100,  -0  +5°C  and 

*0,  -5  +0°C 

Mechanical  shock 

A 

5 blows  in  X},  Y]  and  axes,  1500  6 

Centrifuge 

A 

Accelerator  ■ 15  kg 

B 

Test  time  - 1 minute  minimum 

C 

Axis  - Y;  only 

* t 

D 

Fixture  in  Rlgidex  potting  compound 

on  flat  aluminum  plates. 

V ' f tv  ^ 4-  f*4 

* - i'.,i 

: . •:  ' iv 
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Thermal  shock  (step  stress)  A 


Power  cycling 


B 

C 

A 

B 

C 


Perform  15  cycles  of  thermal  shock 
using  each  of  the  following  temper- 
ature extremes: 

Step  1 +125  -0,  +5°C  and  -25  +0, 

-5°C  (liquid  - liquid) 

Step  2 +150  -0,  +5°C  and  -50  +0, 

-5°C  (liquid  - liquid) 

Step  3 +175  -0,  +5°C  and  -75  +0, 

~5°C  (air  - air) 

Step  4 +200  -0,  +5°C  and  -100  +0, 

-5°C  (air  - air) 

Step  5 +225  -0,  +5°C  and  -125  +0, 

-5°C  (air  - air) 

Step  6 +250  -0,  +5°C  and  -150  +0, 

-58C  (air  - air) 

Step  7 +275  -0,  +5°C  and  -175  +0, 

-5#C  (air  - air) 

Step  8 +300  -0,  +5°C  and  -200  +0, 

-5#C  (air  - air) 

Perform  continuity  teat  after  each 
step  as  a check  for  failures 
Perform  steps  1 through  8 or  until  50X 
of  the  test  devices  have  failed 

Perform  5000  cycles  as  previously 
specified 

Perform  continuity  test  as  a check 
f or  failues 

Repeat  A and  B until  50%  of  the  test 
devices  have  failed  or  until  50,000 
cycles  (''■'830  hr)  have  been  run 


Phase  4 began  July  25,  1973  and  ended  December  17,  1973,  Out  of  114 
test  specimens,  the  best  108  were  chosen  for  further  evaluation.  Table  8 
identifies  the  test  groups,  the  serial  numbers  within  each  group,  and  the 
tests  performed  on  each  serial  number.  The  test  samples  were  categorized 
in  the  following  ten  groups: 


u • 
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1A 

Epotek  H-31 

Braze 

2A 

Epotek  H-31 

Weld 

IB 

duPont  5504A 

Braze 

2B 

duPont  5504A 

Weld 

1C 

Ablestick  535 

Braze 

2C 

Ablestick  535 

Weld 

3 

Eutectic 

Braze 

4 

Eutectic 

Weld 

5 

Ablefilm  517 

Braze 

6 

Ablefilm  517 

Weld 

(Chip  Adhesive) 
(Chip  Adhesive) 

(Chip  Adhesive) 
(Chip  Adhesive) 

(Chip  Adhesive) 
(Chip  Adhesive) 

( No  Adhesive) 

( No  Adhesive) 

(Substrate  Adhesive) 
(Substrate  Adhesive) 


Method  10H^Conditlons<:AtandSCW'rThPerfOrmed  *ccordance  vicl>  MIL-STD-883, 

eliminate  ninherme  1°  p,^".. ‘ lnUi<1  » 

teen  test  specimens  were  ^btectL  l . T?'  °"e  h“ndr*d  '°“r- 

Three  test  specimens  failed  E.M.!  < “ le,k  teat  S°  JulT  25.  1913. 

The  serial  numbers  (SNs)  weje  061  Oja"  Tn,  5 * 10  «■/«/•«. 

felled  the  Step  1 ^S’lSTtS’cSLS  o^Julf 132  al»° 

.est  specimens  were  removed  from  further  been  * 1^73.  These  three 

mens  passed  the  Step  2 Gross  Leak  test  all  The  re“lnln8  speci- 

v OSS  Leak  test,  also  conducted  on  July  26,  1973. 


were  employed^  this^inspection!  "piS^Si^Iho^at  It"’SX272S3'  M6thud  2012 » 
to  ensure  accurate  interpretation  of  n,  .?hot  *5  tWo  diff*rent  densities 
chlp-to-substrate  bond  .Sd  o“.r  lnt.^l  ^ ' Thl*  tMt  Provided 
tion  phase  test  of  the  test  seouencT  P **  "*'*  in  the  •el“- 


--SW.-r.'ssir  s^/yy-* *•  is73-  «. 

were  very  much  off  center  These  ' .I1.111*1  dI,cr*P»ncy  was  that  the  llde 
adhesive  evaluation?  J *”  not  as  to  the 


( Gss)were  measured.  The  averaged  results  for  the  four  devices  in  each 
control  sample  are  presented  below; 


£r.°u.P.  V^,  Volts 


1A 

0.166 

IB 

0.153 

1C 

1.200 

2A 

1.960 

2B 

0.145 

2C 

2.300 

3 

0.105 

4 

0.113 

5 

0.168 

6 

0.122 

^GSS*  -10"9 

0.013 

0.011 

0.015 

0.010 

0.014 

0.016 

0.011 

0.010 

0.009 

0.015 
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High  temperature  aging  w as  performed  on  all  test  groups.  These  tests 

: adhesi«  outgassirg  or  physical  changes  in  Che  adhesive  Control 

samples  were  not  subjected  to  aging  environments.)  * 


roity  test  specimens  were  subjected  to  it  u 

Aucust  17  9/,  1099  J uea  co  i8U  L lours  between 

g 17  and  24,  1973.  The  equivalent  hours  at  125  C to  produce  the 

saj,c  polymer  aging  effects  are  tabulated  below,  as  well  as  the  houS  at 
180  C equivalent  to  100,000  hours  at  125  C.  1 


Equivalent  Aging 

Material 

Ablestick 

535 

Ablef ilm 
517 

Epotek 

H-31 

dufent 

5504 

Hours  at  180°C  equiva- 
lent to  100,000 
hours  at  125°C 

5,400 

345 

3,000 

1,600 

Hours  at  125°C  equiva- 
lent to  132  hours  at 
180  C 

2,450 

38,000 

4,400 

8,200 

each  fi!jy"el8ht  °ther  Pa5t8  (4°  plU®  18  8pares>*  containing  samples  from 
at  150SC  ThlTwT?  s“bJ'cted J°  * 24  h°“*  ^Sh  temperature  storage  test 

wl th ^MIL- STD^sIs^Method^lOOB^CondTt lon^cf US C “ “d  ”•  *"  “‘~d”" 

HIL-S^883i'“^thlWm,  rr£°»Td  “ 125<>C  f°r  240  in  accordance  with 

and  PET.  wfr.  ^^H  ? trensletors  were  powered  to  maxim®  ratings 

and  PETs  were  pieced  In  a reverse  bias  condition.  This  test  Wes  employed  to 

“ " J“  e adhesive  outgssslng  and  accelerate  corrosive  effects  of  outgasslng 
surfaM^ontamlnetlon^0  ““  In  a^ahh® ling  frl  In‘- 

in  Fi“r«r2o“lrtEL‘jleC£rlC*1  ,M0'urM,“t*  “k">  burn- In  are  Indicted 

This  test  is  valuable  in  determining  whether  an  adhesive  is  acceptable 
from  an  outgassing  standpoint,  for  a given  circuit.  P ’ 

Power  cycling  teet  consisted  of  5000  cycles  with  a AT  of  100°C  on  the 
Power  transistor  chips.  Appropriate  power  levels  and  etching  equi^ 
were  employed  to  perform  the  cycling.  In  addition  to  stimulating  outgassing 

Se^Tt^1*  te“  *180  provld®8  atres...  thet  will  cus.  ?o«T2 
u**1  P08811*1*  expansion  coefficient  mismatches,  fewer  cycling 

Power°onUaeto^ 24  "d  28*  l973*  008  cycle  consists  ofY 

power  on  (1  to  10  sec)  and  a power  off  (50  to  60  sec)  according  to  the 

h rmal  transfer  capabilities  of  the  adhesive  used  in  the  package.  The 

r«8:  tl™e  °f  ?’000  c/cles  18  approximately  83  hours.  The  test  circuit  is 
hown  in  Figure  19.  S/N  125  (Group  5)  and  S/N  139  (Group  6)  failed  this  test. 

threeSstresa"nrorfnc?>  te8t48p8ciro*n8  <70  plus  6 spares)  were  subjected  to 
three  stress  producing  environments  on  the  dates  denoted  below.  No  visually 

discernible  failures  occurred.  Following  these  environments,  hermeticity1  * 
tests  were  conducted.  * “"tH»*-iciry 
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Figure  19.  Burn-in  and  power  cycling  test  circuit. 


Thermal  shock  was  performed  in  accordance  with  MIL-STD-883,  Method 
1011 » usin8  Condition  A (0  to  100°C)  as  a minimum.  Fifteen  cycles  with  5 
minutes  at  each  extreme  were  used.  Expansion  coefficient  mismatch  possi- 
bilities were  evaluated  by  this  test  in  terms  of  bond  and  package  integrity. 

Mechanical  shock  test  consisted  of  five  blows  in  the  Xj , Ylt  and  Z\  axes 
in  accordance  with  MIL-STD-883,  Method  2002,  Condition  B(1500  g) . This  test 
was  performed  in  order  to  evaluate  the  bond  and  package  mechanical  integrity. 

Constant-acceleration  tests  were  performed  in  accordance  with  MIL-STD- 
883,  Method  2001,  Condition  C (15  Kg).  Test  duration  was  one  minute  in 
the  Y axis  only.  This  test  further  evaluated  the  mechanical  integrity  of 
substrate,  chip,  and  wire  bonds.  The  final  hermeticity  and  electrical  meas- 
urement tests  following  these  three  environmental  tests  were  designed  to 
identify  anomalies  caused  by  the  above  tests. 

Fine  and  gross  leak  tests  were  performed  in  accordance  with  MIL-STD-883, 
Method  1014,  Conditions  A and  C.  None  of  the  test  specimens  failed 
either  the  fine  or  gross  leak  tests  following  the  stress  producing  environ- 
ments of  shock  and  centrifuge.  The  tests  were  conducted  on  November  5 and 
6,  1973. 

Initial  electrical  measurement  data  were  used  as  a baseline  and  in  the 
selection  phase.  The  other  electrical  measurements  in  the  test  sequence 
were  used  to  determine  device  degradation  caused  by  aging  and  other  environ- 
ments. The  effects  of  adhesive  outgasaing  and  corrosion  were  reflected  in 
parameter  drift  because  of  surface  effects.  Ten  control  samples  were  drawn 
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from  the  test  devices,  as  shown  in  the  flow  diagram,  one  from  each  test  group. 
A control  sample  was  measured  each  time  electrical  measurements  were  taken  of 
the  corresponding  test  group.  Data  from  these  samples  were  used  to  determine 
equipment  repeatability  and  to  ensure  proper  interpretation  of  test  data. 

Ihe  initial  electrical  measurements  were  performed  in  August  1973.  The 
original  test  plan  called  for  vCE(SAj)  t0  be  measured  at  500  mA.  It  was 

noted  this  parameter  was  out  of  specification  or  unstable  for  all  adhesive 
bonded  transistors.  The  eutectic  bonded  transistors  were  generally  all 
within  specification.  It  was  then  decided  to  measure  VCE^SATj  for  all 

circuits  at  100  mA.  This  was  completed  and  the  parameters  were  stable  and 
repeatable  at  this  current  level.  It  was  believed  that  the  500  mA  current 
could  damage  the  conductive  epoxy  and  significantly  alter  the  collector 
resistance. 


The  four  power  transistors  in  each  package  were  tested  for  h^g,  IqEq* 
and  The  four  M0SFETS  in  each  package  were  measured  for 


CE(SAT) ' 

I'D  (OFF)  ’ and  igss*  Although  all  of  these  measurements  were  taken  at  each 
teat  interval,  only  VCE(gAT)  for  the  bipolar  transistor  and  Iggg  for  the 

MOSFET  were  used  in  evaluating  bond  quality  and  surface  leakages  for  reasons 
discussed  earlier.  The  other  parameters  were  taken  only  so  that  changes  in 
VCE(SAT)  ***  Iggg  caused  by  the  effect>  °f  the  polymers  could  be  differen- 
tiated from  actual  device  degradation. 


Results  of  the  electrical  measurements  periodically  performed  during  the 
test  program  are  presented  in  Table  9 and  Figure  20.  Each  figure  has  four 
curves:  a control  sample  (dotted)  and  a test  specimen  (SAT)  curv®  f°r  fcbe 

denoted  power  transistor  bond  material/saal  technique,  and  a control  sample 
(dotted)  and  a test  specimen  I^gg  plot  for  the  MOSFET  with  the  same  bond 

material /seal  techniques.  The  test  numbers  indicate  the  position  in  the 
test  sequence  where  the  electrical  measurement  was  made,  and  are  summarised 
below. 

Test  number  Measurement  made  after 


1 

2 

3 

4 

5 


Radiographic  inspection 
Aging  or  storage 
Power  burn-in 
Power  cycling 

Hermeticity  (final  measurements) 
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TABLE  9-  HYBRID  TESTING  SUMMARY 


CE(SAT)  final  I 0.A72  0.505  1 — | 1.07  2.40 


**“  HUTiii^ 


BBSOaSl 


1 2 3 4 5 Test  number  12  3 
Test..  .1  Control  — 
[a)  Eutectic  substrate  bonds 
Eutectic  chip  bonds. 
Welded  seals. 


aeaeagiM 

BSBWM 


“ 1 


1 2 3 4 5 Test  number  12  3 
Test— i— I.  Control  — 
(b)  Eutectic  substrate  bonds 
Eutectic  chip  bonds. 
Brazed  seals. 


IP^I 

mrmm 

rnmmm 


*mwA 


■ ■■■■■■■■■—! 

mami.'n  '.nm tiud 


est—  Control  — 
Eutectic  substrate  bonds. 
Epotek  H-31  chip  bonds. 
Welded  seals. 


1 2 3 4 5 Test  number  1 5 5 4 
Test— ms  Control— 

(0  Eutectic  substrate  bonds 
Epotek  H-31  chip  bonds. 
Braced  seals. 


I ilggi 

i ■miriBBBBBBBBBBBB 

■■itibbbbbmbbbbB 


■■■■■■■■■■■■■ 

■■■■■■■■■■■■a 

■BBBBBBIBBBBB 


est  number  1 


Test—  Control  — 
Eutectic  substrate  bonds. 
Ablestick  E535  chip  bonds 
Braced  seals 


\ * 


W12 

OHIO 


Test  number  12  3^5 
Test  Control  ••••••• 

(c)  Eutectic  substrate  bonds. 
duPont  5504  chip  bonds. 
Welded  seals. 


HmyusH 


iismsn 


5 Test  number  1 


Test  Control  ••••••• 

(d)  Eutectic  substrate  bonds. 
duPont  5504  chip  bonds. 
Brazed  seals. 
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(g)  Ablefllm  317  substrate  bonds. 
Eutectic  chip  bonds. 

Brazed  seals. 
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t 1l2 


3 4 5 Test  number  1 2*4  5 
Test— i Control  — 
Ablefllm  517  substrate  bonds. 
Eutectic  chip  bonds. 

Welded  seals. 
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Figure  20.  Electrical  measurements 
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Table  9 summarizes  selected  electrical  measurement  data.  Lach  control 
sample  data  point  is  the  average  of  the  four  power  transistors  or  the  four 
MOSFETs  in  the  control  sample.  Each  test  data  point  is  the  average  of  all 
tunctional  devices  within  each  of  the  ten  test  groups  at  each  point  in  the 
test  sequence  where  measurements  were  made.  Catastrophic  failures  were  not 
included  in  the  data.  The  number  of  power  transistors  or  MOSFETs  averaged 


for  each  data  point  varied  from  26  to  35.  The  increased  for  all 


power  transistor  test  specimens  (except  the  duFont  5504  material/weld  seal 
test  specimen)  indicating  the  resistance  of  the  bonding  materials  increased 
during  the  testing.  In  fact,  it  compares  favorably  with  the  eutectic. 

Table  9 indicates  the  eutectic  had  the  least  degradation  and  Ablestick  E535 
the  most  degradation. 


The  increases  in  MOSFET  leakage  current  I for  the  groups  indicated 

Goo 


in  Figure  20,  g and  h,  are  indicative  of  contamination  that  was  driven  out 
of  the  bonding  materials  being  deposited  on  the  surface  of  the  chip.  The 


graphs  demonstrated  the  correlation  between  an  increase  in  V. 


and  the 


CE(SAT) 

increased  leakage,  both  of  which  are  due  to  adhesive  degradation.  The  most 
extensive  changes  occurred  during  bum-in.  Since  the  MOSFETs  used  are 
extremely  sensitive  to  small  amounts  of  surface  contamination,  an  increase  in 
leakage  from  15  to  100  pA  represents  a surface  resistivity  of  44  million 


13, 


megohms  per  square  (4.4  x 10  0/D). 


Thermal  shock  and  power  cycling  step  stress  tests  were  conducted  to 
assess  the  effects  of  high  stress  and  long  duration  test  on  polymers.  The 
tests  were  conducted  between  November  26,  1973  and  January  21,  1974.  The 


thermal  shock  limits  were  increased  frgra  -25°C  and  +125°C  to  -200°C  and 
+300°C  in  eight  steps  consisting  of  25°C  increments  to  each  temperature 


extreme.  Method  1011  of  MIL-STD-883  was  utilized,  15  cycles  per  step, 
except  that  the  last  six  steps  were  air  to  air.  No  failures  occurred  during 
the  thermal  shock  step  stress  testing  which  were  performed  on  samples  from 
each  test  group.  It  would  appear  that  the  materials  tested  are  thermal-cycle- 
compatible. 


Power  cycling  step  stress  was  accomplished  by  performing  the  test  in 
5,000  cycle  Increments  until  50,000  cycles  accrued.  Test  specimens  of  each 
material/seal  group  were  subjected  to  the  step  stress  tests.  Continuity 
checks  were  performed  each  5000  cycles.  Within  the  first  5000  cycles, 

S/N  74  (Group  2C)  and  S/N  142  (Group  6)  failed.  S/N  115  (Group  5)  indicated 
degradation  occurred  between  45,000  and  50,000  cycles.  No  other  failures 
occurred  during  this  test. 
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Failure  Analysis 


History  - Hybrid  circuits,  SN125  from  Group  5 and  SN139  from  Group  6, 
failed  after  2 hours  of  pulsed  power  stress  cycling.  Hie  primary  failure 
experienced  by  both  hybrids  was  an  open  circuit  failure  in  each  of  the  power 
transistors,  Q1  through  Q 4.  It  was  also  reported  that  significant  increases 
had  occurred  in  the  MOSFET  parameters  for  Q3  through  Q8.  It  was  requested 
that  a failure  analysis  of  these  two  hybrids  be  conducted  to  determine  if  the 
failures  were  the  result  of  electrical  overstress  during  the  pulsed  power 
stress  cycling  or  caused  by  degradation  of  the  hybrid's  thermal  impedance. 

Cause  - The  results  of  this  analysis  did  not  suggest  a thermal  impedance 
related  failure  mode,  but  it  can  be  shown  that  the  failures  probably  occurred 
because  of  testing  anomalies. 

Conclusion  - From  the  electrical  characteristics  of  the  transistors 
examined,  the  base  wires  were  fused  in  a short  time  period,  and  the  fusing 
current  did  not  exceed  the  wire  capabity  by  a large  amount.  If  the  time 
period  had  been  an  extended  duration,  more  severe  parameter  degradation 
would  have  likely  been  experienced.  And  had  the  fusing  current  greatly 
exceeded  the  wire  capability,  the  amount  of  wire  evaporated  would  have  been 
much  greater. 

In  light  of  extensive  backchecking  into  possible  test  errors,  such  as 
emitter  resistor  shorts  and  increased  base-emitter  supply  voltage,  it  is  con- 
cluded that  the  most  probable  cause  of  the  base  wire  failures  was  high  fre- 
quency oscillations.  The  nature  of  emitter  follower  circuits  mounted  on 
long  leads  is  often  one  of  parasitic  oscillations.  The  oscillation  could 
produce  significant  current  flow  in  the  base  wire  under  different  DC  bias 
conditions.  The  oscillation  results  because  of  the  self -Inductance  in  the 
external  base  wire  resonating  in  series  with  the  diffusion  capacitance  of 
the  base-emitter  junction. 

Test  equipment  used  Zeiss  EPI-Techniscope;  Zeiss  Universal  M 
Microscope;  Polaroid  MP-3  Camera;  Tektronix  Model  576  Transistor  Curve 
Tracer;  Birtcher  Model  70  Semiconductor  Test  Set;  Riilco  IR  Microplotter. 


Analysis  Method  and  Disclosure 


The  hybrid  circuits 
5 of  Group  5 follow. 


were  electrically  examined.  The  dc  measurements  for 


NPN  BIPOLAR  (2N2987) 


MOS  FET  ( 3N167) 


19  ohms 


lc  measurements  for  SN139  of  Group  6 follow 
NPN  BIPOLAR  (2N2987 


MOS  FET  (3N167 


These  data  confirm  the  reported  failure  conditions 


An  external  microscopic  examination  from  10X  to  SOX  did  not  reveal  any 
package  damage  or  anomalies. 

The  hybrid  packages  were  opened  and  internally  examined.  The  NPN 
transistor  failure  mode  was  common  for  all  devices  in  both  hybrid  circuits. 

The  base  1-mil  aluminum  interconnect  wire  had  fused  open  on  each  NPN  transistor. 
(See  Figure  21.)  The  transistors  that  exhibited  surface  indications  of  high 
temperature  stress  were  located  in  SN139.  Individual  die  to  substrate  bonds 
were  visually  examined  and  no  anomalies  were  observed.  Substrate  to  package 
bonds  were  also  examined;  however,  due  to  the  substrate  recess  in  this  pack- 
a8e*  it  was  not  possible  to  determine  if  any  separation  was  present. 


Figure  21.  SN125  Group  5,  Magnification  50X 

NPN  transistor  (2N2987)  showing  base 
interconnect  wire  (far  left)  fused  open. 


The  base  interconnect  wires  were  replaced  to  allow  further  evaluation  of 
the  transistor  electrical  characteristics  and  package  thermal  impedances. 

The  electrical  parameters  and  measured  data  are  contained  in  Table  10,  These 
data  do  not  show  severe  leakage,  1^.  The  Hfe  (Ic  - 1 mA)  parameter  does 

suggest  evidence  of  degradation.  This  parameter  was  not  measured  before 
pulsed  power  cycling  so  the  extent  of  degradation  is  not  certain.  The 
initial  H (I_  “ 100  mA)  measurements  (measured  before  pulsed  power  cycling) 
were : 

Hfe*  VCE  * 10V,  Ic  - 100  mA 


SN125 


Q1  - 59*,  Q2  = 54*,  Q3  - 79,  Q4  - 40 
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<6  i-t  cm  on  Mf 
ft*  O'  O'  O'  O' 


. < H N en  ^ 

H O' O’  O’  O' 


MW 


H 


SN139 


<H  - 82* , Q2  - 92,  Q3  * 84*,  Q4  = 110* 

£ceo  * vc  “ 50 v 


SN125 


SN139 


26  nA,  Q2  = 22  nA,  Q3  - 30.1  nA,  Q4  -{28.5  nA 


Q1  “ 4-1  nA,  Q2  - i.6  nA*,  Q3  - 5.3  nA*,  Q4  - 1.0  nA 

*A  variation  of  10%  or  greater  was  experienced  between  repeated  measure- 
ments for  these  transistors. 

The  two  hybrid  packages  were  mounted  for  thermal  impedance  measurement. 
Following  the  mounting  of  SN125,  it  was  found  that  the  substrate  had 
separated  from  the  package.  Therefore,  the  thermal  impedance  tests  were 
performed  only  on  SN139.  The  tests  were  performed  in  the  same  manner  as 
the  sample  tests  for  establishing  thermal  impedance  baselines.  The  test 
results  were  compared  to  the  baseline  test  unit  results  (Table  11)  . The 
significance  of  these  test  results  were  that  the  group  powered  thermal  im- 
pedance had  doubled  and  the  thermal  time  constant  had  tripled. 

TABLE  11.  PULSE  LEVEL  0 IN  °C/WATT 


Indi- 

vidual 

Indi- 

vidual 

Indi- 

vidual 

Indi- 

vidual 

Q1 

Group 

Q2 

Group 

Q3 

Group 

*4 

Group 

19.7 

17.9 

19.3 

20.5 

20.3 

21.0 

28.4 

24.7 

SN132 

Baseline 

28.7 

26.9 

26.2 

27.2 

49.8 

42.4 

46.9 

40.8 

SN139 

Failed 

Unit 

Comparison 

Ref 

Fail 

I,,d  JC 

19.4 

27.3 

Croup 

JC 

23.6 

45  .0 

Time  Constant 

increased 

3X 

The  substrate  of  SN125  was  lifted  away  from  the  package  and  the  two 
surfaces  were  microscopically  examined.  The  separation  occurred  at  the  inter- 
face of  the  epoxy  and  the  bottom  of  the  package.  There  was  no  evidence  of 
epoxy  remaining  attached.  There  were  thin  epoxy  film  segments  that  had 
pulled  out  of  the  air  pockets  and  adhered  to  the  bottom  of  the  package  (Fig. 

22  and  2 3). 
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Figure  23 


3N125  Group  5,  Magnification  5X 
showing  inside  bottom  of  package 
after  removal  of  the  substrate. 


[125  Group  5,  Magnification  5X 
lowing  bottom  of  substrate 
fted  from  package. 
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conditions”!*  fe  “d  related  “ «>•  «« 

ziFFnlT^  :djl“;‘hJ  sns-isUr 

Ij!1  ! I-  A t power  a“PPly  "as  connected  from  base  to  collector  and  was 

adjusted  to  obtain  a 4-watt  power  dissipation  across  the  tra£i««  n!th 
power  supply  terminals  were  isolated  for  ac  line  common  ^e  “si  sy!«m 

r:  v. 

voltT  Sh°rt  aCr°98  tHe  potentiometerrrwhicheprograms^the0power°supply  To^ 


examlnprf  ra8ultl"g  an  increase  in  thermal  impedance  were 

the  iunrtio  %*  3Sed  °n  the  degraded  thermal  impedance  measured  on  SN139, 

likelv  Saienh  mP^a  T W°U  d h<IVe  exceeded  200#c*  The  result  would 
likely  have  been  thermal  runaway  and  excessive  emitter  current.  The  indica- 

tion  ot  the  emitter  metallization  flow  shows  this  to  a limited  degree  but  it 

did  no  lead  to  a shorted  die  or  fused  emitter  wires.  The  fact  thlt  Jhis 

, n°h  °£cur  is  because  of  the  maximum  circuit  current  of  1.5  amperes 
through  the  combination  of  the  transistor  and  10  ohm  resistor. 


Excessive  1^  could  result  in  sufficient  current  to  fuse  the  base  wire. 


However,  in  the  case  of  the  two  circuits  analyzed,  this  possibility  is  not 
likely  because  the  collector-base  junctions  do  not  show  evidence  of  degrada- 
tion necessary  to  produce  the  required  level  of  current  flow.  (I  induced 

failures  may  have  been  involved  with  some  of  the  circuits.  It  was  reported 
that  when  circuit  failures  were  first  noticed,  low  level  currents  <100  mA 

voltage^evel^  Shif^i*  !*“*  T*  independent  of  «»«  base/emit ter”supply ’ 
k!  1 4 indicates  ^at  emitter-collector  current  continued  after 

he  base  wire  was  fused  and  was  most  probably  dependent  on  ICB0  leakage.) 


rpnf  ?? nc3USe  c°uid  identified  that  would  result  in  excessive  base  cur- 
the  transistor^  * ^ JunCtl°n  te*Perature  and  the  electrical  condition  of 


pro  ”a"  examlned  f°r  0ther  “»«  th.t  could 


A possible  cause  involving  the  base/emitter  power  supply  was  the  loss  of 

required^lTon1  Jesu^tln*  ln  excessive  base/emitter  current.  This  would  have 
??  opening  in  the  potentiometer  circuit  but  that  was  discounted  be- 
cause it  would  probably  have  resulted  in  failure  of  the  total  test  group. 
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The  failures  were  noted  to  have  occurred  between  the  points  of  oeriodir 
theless  ng  and  therefore  do  not  suggest  a test  monitoring  error!  None- 

- ^rPiLibniti:rw%^f^L^^!e  i:iitznitor- 

°f  a"  eXter"al  8°“"8  th-  ZTreZl 

• 

focf  Bfh  °f  these  Possibilities  could  not  be  supported  because  there  was  no 
fore  CitCwo^ t common  or  power  line  ground  within  the  test  circuit  loops.  There- 
fj'?’  i1  have  been  necessary  to  make  two  connections  to  the  circuit 

vol  s or  gr^rer"Pa^d"rto““a»o  then  (i°  ^ °r  le88)  °r  8 of  10 

possibilitj^could  ba  .s^UaS  ' " reVleUl"8  th8  8<“lp"8"t  U88d'  ““her 


frpn  A third  Possibility  and  the  most  probable,  is  that  of  parasitic  hieh- 
frequency  oscillations.  Although  no  oscillations  were  detected  durine  the 
periodic  monitoring  of  the  test  circuits,  analysis  of  th^test  circ^frv 

diaons^  m eSeoUitir  ^ likely  existed  during  transient  bias  con- 
ditions.  The  equivalent  circuit  shown  in  Figure  24  was  arrived  at  in  ron 

s rL  caoa  i^teSt  7 18  P°8Sible  ^ neglect  bulk  r^istLce and 

tray  capacitance  because  the  base  diffusion  capacitance  far  exceeds  the 

“c  U vUh  Ty,  crCSt8n“8-  1,18  raa ul tan t circuit  is  l Lrial  r«o„„t 
circuit  with  the  load  resistance  partially  bypassed  by  stray  capacitance 

Excessive  base  current  is  possible  when  conditions  are  present  to  rlise  the 
Q of  the  circuit.  A degree  of  series  resonant  rise  in  voltage  cL  occur  at 
e ase  terminal  although  the  Q normally  would  be  held  low  due  to  base 
resistivity.  Ibis  type  of  oscillation  is  in.idious  in  nature  it  can 

be  exaggerated  by  the  use  of  bypass  capacitors  and  ferrite  bead  inductors  in 
™ Place8:  In  this  circuit,  since  the  base-emitter  supply  was  switched 

h*Cilk  iOI\C°Uld  haVe  occurred  during  transient  bias  conditioned  could  * 
ve  been  missed  by  the  test  personnel  conducting  the  tests.  The  other 
factor,  which  tends  to  support  the  probability  of  oscillations  is  that  manv 
circuits  were  ganged"  in  parallel  with  common  supply  lines.  All  the  emitter 

ITo  TllZ™  8‘  *•  “d  - longwlrea 


Series  Inductances 
of  Base  Circuit  f 


'STRAY 


tV-V- 


STRAY 


Figure  24.  Simplified  Model  of  a Hybrid  pi  Equivalent 
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SECTION  VI 


PHASE  5,  DEVICE  PROPERTY  EVALUATION 


Thermal  Conductivity 

A major  concern  in  the  evaluation  of  each  sample  is  the  thermal  con- 
ductivity under  operating  conditions  as  indicated  by  junction  to  case 
thermal  impedance,  8 measured  in  °C/W.  A hybrid  representing  each  of  the 

ten  various  adhesive  or  eutectic  combinations  was  analyzed  for  junction  to 
case  thermal  impedance.  Each  circuit  had  a copper  constantan  thermocouple 
silver  epoxied  onto  the  base  oi  the  package  to  provide  a case  temperature 
reading.  Interconnecting  wires  were  attached  to  the  package  leads  in  order 
to  power  the  four  power  transistors  and  led  to  a breakout  box.  The  package, 
with  lid  removed,  was  mounted  on  an  aluminum  heat  sink  using  a thermally 
conductive  paste. 

The  Microradiometer  was  set  on  the  middle  junction  of  each  chip  and  that 
chip  powered  at  20-V  collector  to  emitter  (Vc£)  with  a variable  resistor  in 

the  emitter  leg.  Base  to  emitter  voltage  (VBE>  was  applied  until  the  chip 

indicated  approximately  100°C.  The  chip  was  manually  scanned  to  find  the 
hottest  point,  which  normally  is  near  the  end  of  the  emitter  finger  at  the 
center  of  the  die.  Set  at  this  point,  the  base  drive  was  set  to  give  a delta 
of  approximately  100°C  between  the  surface  temperature  and  the  thermocouple 
case  temperature.  Normal  resistor  value  was  10  to  11  ohms.  The  chip  was 
unpowered  by  opening  the  emitter  lead  and  repowered  while  connected  tc-  a 10 
sec/inch  time  base  X-Y  recorder.  At  stability,  the  thermocouple,  Radiometer, 
and  input  power  readings  were  recorded  as  was  the  position  of  the  hot  spot. 
Without  changing  Vnp  or  V , each  additional  die  was  individually  powered  and 

readjusted  to  give  the  same  temperature  increase  as  the  first  chip.  All  chips 
were  then  powered  In  a common  base  and  collector  mode  and  the  readings  retaken 
on  each  chip's  hot  spot  with  VB£  reduced  to  again  give  approximately  a lOCC 
increase. 

Heat  sink  temperature  was  then  increased  to  give  a case  temperature  of 
approximately  125°C.  V was  reduced  in  most  cases  to  10  volts  and  VfiE  ad- 

kE  O 

justed  to  give  a chip  temperature  increase  in  an  all  powered  condition  of  15  C. 
Each  chip’s  hot  spot  was  then  measured  thermally  with  power  applied  and  power 
removed.  The  power  removed  readings  were  used  to  calculate  an  emissivity  at 
the  measured  point  while  the  powered  readings  were  used  to  give  a 8JC  measure- 
ment in  the  burn-in  condition.  The  emissivity  numbers  were  then  applied  to 
the  pulse  data  and  the  8.r  under  a pulse  condition  calculated. 

In  all  pulsed  conditions,  the  major  factor  in  the  time  constant  appeared 
to  be  the  interface  between  the  package  and  the  heat  sink.  In  all  cases  sta- 
bility was  achieved  within  15  seconds,  and  a pulse  of  10  seconds  on  and  50 
seconds  off  was  sufficient  to  achieve  a repeatable  pulse  condition. 
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The  results  are  summarized  in  Table  12,  0 measurements.  The  order  of 

merit  is  indicated;  the  eutectic  bonded  chips/welded  package  had  the  lowest 
thermal  impedance.  The  duPont  5504A  adhesive  bonded  chip/welded  package  was 
best  among  the  adhesive  bonded  test  specimens.  Its  thermal  Impedance  was 
only  5/£  greater  for  burn-in  than  the  eutectic/bonded/welded  package  that 
served  as  a standard  for  comparison.  The  Ablestick  E535  had  the  worst 
(highest)  thermal  impedance  of  those  tested. 


TABLE  12,  0JC  MEASUREMENTS 


MATERIAL 


Package 

ejc  ln  •«« 

Average  pulse 


Order  of  merit 
burn-in 


EUTECTIC 

duPont 

5504A 

Epotek 

H-31 

Ablef ilm 
517 

Kim 

■■ip 

111  095 

061  028 

054  007 

132  127 

078 

040 

Weld  Braze 

Weld  Braze 

Weld  Braze 

Weld  Braze 

Weld 

Braze 

11.7  18.5 

15.5  20.7 

29.6  18.9 

23.6  24.2 

62.2 

49.4 

15.6  17.9 

16.4  19.1 

29.8  22.1 

24.8  25.8 

67.3 

47.3 

Gas  Analysis 


It  is  known  that  the  use  of  epoxy  adhesives  in  hybrid  circuits  can  mate- 
rially  affect  the  composition  of  the  gas  hermetically  sealed  within  the  package. 
This  is  caused  by  degradation  of  the  polymer  into  gaseous  products  and  by 
release  of  absorbed  materials  (primarily  water)  from  the  epoxy.  These  con- 
taminant gases  may  not  be  present  in  significant  quantity  to  be  harmful  when 
the  gas  is  analyzed  immediately  after  sealing.  However,  if  the  circuit  <s 
subjected  to  long  term  aging  at  slightly  elevated  temperature,  as  in  burn- 
in,  materials  can  be  released  from  the  epoxy. 

In  order  to  assess  the  extent  of  this  problem,  some  circuits  were  sub- 
jected to  gas  analysis  after  all  testing  was  complete.  The  analysis  was  done 
at  RADC.  The  technique  consists  of  puncturing  the  package  in  a vacuum  chamber 
and  analyzing  the  gases  quantitatively  by  mass  spectrometry.  No  significant 
conclusions  could  be  drawn  from  data  collected  from  these  tests. 
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^ Thf  a^lysis  was  performed  on  circuits  that  were  cleaned  and  fabricated 
using  the  MMC  standard  methods  including  a cleaning  in  deionised  water  and  a 
vacuum  bake  of  125  C for  one  hour.  Those  circuits  fabricated  using  epoxy 
adhesives  contained  from  0.9  to  1.2%  water  vapor  while  a circuit  fabricated 
using  eutectic  contained  0.089%  water  vapor.  It  was  reasoned  that  if  the 
deionized  water  phase  of  cleaning  was  eliminated,  water  could  not  be  absorbed 

by  the  epoxy,  and  that  the  water  vapor  content  of  the  circuit  packages  would 
be  greatly  reduced.  * 


i 


! 


More  circuits  were  fabricated  and  a second  analysis  was  performed.  The 
packages  were  fabricated  in  the  same  way  as  before  but  all  water  was  excluded 
from  the  cleaning  steps  and  a 5-minute  boil  in  electronic  grade  2-Propanol 
was  used  instead  of  deionized  water.  The  vacuum  bake  was  performed  as  with 
the  first  set  of  packages.  This  time  the  analysis  showed  even  more  water  vapor 
in  the  packages.  The  packages  fabricated  using  adhesives  showed  from  1.7  to 

4.4%  water  vapor  while  the  package  fabricated  using  a eutectic  showed  1.2% 
water  vapor. 


These  analyses  are  inconclusive  and  it  is  suggested  that  further  testing 
should  be  performed  in  this  area  on  a much  larger  scale  than  was  possible  in 
this  overall  study.  Tables  13  and  14  give  results  of  these  tests. 

Water  vapor  is  obviously  a potential  hazard,  especially  for  thin  film 
resistors;  therefore,  it  would  be  prudent  to  take  precautions  tc  minimize 
water  contact  with  adhesive  bonded  circuits.  The  possible  deleterious  ef- 

ects  of  organics,  C02,  and  methane  are  not  clearly  known,  but  their  presence 
could  be  a concern. 
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SECTION  VII 


ADDITIONAL  TESTING 

Approximately  one  year  after  completion  of  the  power  burn-in  teat, 
additional  tents  consisting  of  vidicon  examination  and  electrical  measure- 
ments were  performed  on  70  hybrid  assemblies  returned  to  Martin  Marietta  by 
KADC.  These  tests  were  performed  to  evaluate  the  effects  of  shelf  aging  on 
epoxy -bonded  hybrids  and  to  determine  the  nature  of  a number  of  mechanical 
failures  which  had  occurred  either  within  or  subsequent  to  the  test  program. 
These  failures  were  designated  "rattlers"  because  the  hybrid  packages 
contained  loose  particles  of  a size  which  produced  an  audible  rattling 
sound  when  shaken.  The  serial  numbers  of  the  rattlers  are  indicated  on 
Table  8.  Also,  measurements  were  performed  on  the  parts  which  had  ex- 
perienced long  term  power  cycling.  Other  tests  such  as  die  shear  tents, 
gas  and  chemical  analyses,  and  failure  analyses  were  performed  as  described 
below. 


Vidicon  Examination 


Vidicon  examination  of  the  following  serial  numbers  was  performed  on 
October  4,  1974  utilizing  a Picker  x-ray  with  Conrack  video  monitor  at  20X 


magnification: 
002  Oil 

023 

043* 

053* 

070 

086 

102 

117* 

133* 

004 

012 

027 

044* 

059* 

073 

087 

105 

119* 

134* 

005 

018 

032 

045 

060* 

077 

088 

106 

120* 

135* 

006 

019 

034* 

047 

065 

080 

089 

107 

121* 

136* 

008 

020 

037 

048 

066 

082 

091 

108 

124* 

137 

009 

021 

038 

049 

067 

084 

094 

109 

126* 

138* 

010 

022 

039 

050 

068* 

085 

100 

110 

131 

140* 

The  serial  numbers  which  evidenced  mechanical  defects  are  annotated  with  a 
star.  These  are  the  rattlers,  and  in  aach  instance  the  defect  was  a loose 
or  broken  substrate.  It  is  Interesting  to  note  that  all  serial  numbers 
through  114  contained  eutectlcally  bonded  substrates  and  those  above  114 
contained  adhesively  bonded  substrates.  Thus,  broken  or  loose  substrates 
accounted  for  all  rattlers,  regardless  of  the  method  of  substrate  bonding. 

Electrical  Measurements 


Measurements  of 


VCE(SAT)  *nd  ^SS 


were  performed  on  the  unstarred 


serial  numbers  above.  The  results  are  shown  in  Table  15  along  with  the 
final  data  previously  taken  for  each  test  group.  The  previous  data  is 
from  Table  9,  and  the  numbers  presented  are  average  values  for  each  group. 
The  comparison  is  an  indication  of  drift  after  a period  of  dormancy. 

Group  5 data  is  missing  because  all  parts  from  that  group  listed  above 
were  rattlers.  It  is  interesting  to  note  that,  although  the  population 
of  the  additional  measurements  la  a subgroup  of  the  previous  final  meas- 
urements, no  significant  shift  is  evident  except  for  the  Group  6 parts 
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which  had  adhesively  bonded  substrates  and  eutectically  bonded  chips.  The 
improvement  of  ^£(5^)  1°  Group  6 data  is  probably  due  to  the  elimination  of 


the  rattlers  from  the  test  population. 


Higher  V 


CE(SAT) 


values  noted  for  Groups 


1C  :r»d  2C  (Ablestick  535  adhesive),  both  here  and  throughout  the  program  (see 

Table  9)  are  probably  due  to  the  poorer  electrical  conductivity  as  well  as 

thermal  conductivity  (see  Table  12)  of  this  epoxy.  The  I„__  measurements 

GSS 


show  marked  stability  and  ere  well  within  the  specification  value  of  100  pA. 


v 


TABLE  15.  ADDITIONAL  MEASUREMENTS 


Group 

VCE(SAT>  “ 100 
(Volta) 

I at  20  V 

GSS 

(PA) 

Final 

Additional 

Final 

Additional 

LA 

.553 

.541 

10 

33.2 

IB 

.234 

.256 

8 

9.4 

1C 

2.04 

2.51 

43 

65.9 

2A 

1.31 

1.55 

10 

25 

2B 

.143 

.151 

15 

5.6 

2C 

2.42 

3.20 

32 

45.3 

3 

.120 

.123 

8 

8.6 

4 

.120 

.124 

7 

6 

6 

2.83 

.550 

6 

7.5 

Power  Cycling  Parts 

Long  term  power  cycling  had  been  previously  performed  on  representative 
samples  from  each  test  group.  A total  of  19  parts  were  tested,  the  serial 
numbers  are  identified  In  Table  8.  These  parts  were  subjected  to  Vidlcon 
examination  on  27  Aug.  1975  end  no  mechanical  defects  or  anomalies  were  de- 
tected. No  rattlers  existed  within  this  group.  Electrical  measurements  of 
V__ and  I_ee  were  taken  on  14  Aug.  1975  end  the  data  is  listed  in 

CE v SAT ) GSS 

Table  16,  together  with  the  "final"  data  previously  taken  for  each  test 
group.  The  numbers  presented  ere  average  values  for  each  group.  It  is 
noted  that  these  measurements  were  taken  approximately  20  months  after  com- 
pletion of  the  power  cycling  tests.  The  measurements  indicate 

marked  stability  after  the  relatively  severe  power  cycling  test  followed  by 
the  long  period  of  dormancy.  Again,  the  significant  exception  is  in  Group 
6,  adhesively  bonded  substrate,  and  again  this  difference  is  probably  a 
result  of  rattlers  being  included  in  the  "final"  data  population.  The 

I...  values  ere  higher  than  values  measured  previously.  It  My  be  thought 

GSS 

that  this  could  be  an  effect  of  epoxy  outgasslng  products  condensing  on  the 


chips  after  power  cycling.  However,  it  is  noted  that  Groups  3 and  4 (which 
contain  no  adhesives)  experienced  the  same  shifts.  It  is  probable,  therefore, 
that  these  increases  in  leakage  are  not  a direct  result  of  the  use  of  adhe- 
sives. Although  this  chip  was  a Siliconix  3N167  MOSFET,  similar  results*  on 
RCA  MOS  technology  indicated  no  adverse  effects  on  stability  due  to  epoxy 
outgassing  products.  * 


TABLE  16.  POWER  CYCLING  PARTS 


Group 

VCE(SAT) 

at  100  mA  (Volts) 

XGSS 

at  20  V (pA) 

Final 

Pwr.  Cycle  Parts 

Final 

Pwr.  Cycle  Parts 

Ik 

.553 

.221 

10 

76.5 

IB 

.234 

.185 

8 

82.1 

1C 

2.04 

1.14 

43 

157. 

2A 

1.31 

1.23 

10 

45.4 

2B 

.143 

.152 

15 

118.3 

2C 

2.42 

1.86 

32 

104.8 

3 

.120 

.115 

8 

49.0 

4 

.120 

.122 

7 

105.4 

5 

-- 

.177 

- 

44.5 

6 

2.83 

.132 

6 

91.4 

Additional  Failure  Analysis 

Fifty- two  parts  were  decapped  and  analyzed  to  determine  causes  of  elec- 
trical and  mechanical  failure.  In  summary,  electrical  failures  were  generally 
caused  by  thermal  overstress.  This  may  have  been  a result  of  test  fixture 
oscillations  or  high  thermal  impedance  caused  by  epoxy  die  or  substrate  bonds 
which  resulted  in  thermal  runaway  of  some  parts.  This  was  evidenced  by  dis- 
colorations caused  by  high  temperatures,  fused  bond  wires,  reflowed  metalli- 
zation, and  localized  burning.  In  particular,  Groups  5 and  6,  which  were 
fabricated  with  epoxy  bonded  substrates,  contained  the  majority  of  rattlers. 

A typical  part  from  these  groups,  S/N  136,  is  shown  in  Figures  25  through  21. 
Figure  25  shows  the  substrate  attached  to  the  preform,  but  the  preform  is 
detached  from  the  case.  Evidence  of  rattling  is  noted  by  the  bent  and  broken 
leads  caused  by  mechanical  Impact  within  the  case.  Evidence  of  over-power 
is  noted  by  the  base  leads  which  are  fused  open.  Figure  26  is  the  reverse 
side  of  the  preform  containing  the  substrate  of  Figure  25.  The  areas  where 
adhesion  occurred  are  clearly  seen.  Figure  27  shows  the  Tekform  case  of 
S/N  136  with  the  few  areas  of  adhesion  showing.  Kevex  analyses  of  die  sur- 
faces failed  to  indicate  foreign  materials.  Infrared  analyses  of  the  case 
indicated  that  some  of  the  stains  thereon  may  have  been  caused  by  epoxy 
thermal  Outgassing  or  decomposition  products.  In  one  case  an  organic/ester 
material  was  found  on  a die  but  ths  source  was  probably  derived  from  post- 
decap handling.  The  chemical  analyses  were  inconclusive. 


* Richard  M.  Pietrucha  and  Eugene  M.  Reiss:  "The  Reliability  of  Epoxy 

as  a Die  Attach  in  Digital  and  Linear  Integrated  Circuits." 

Reliability  Physios , 12th  Annual  Proceedings,  1974, 


Figure  26.  Rattler  Pre-form,  Rear  View,  S/N136 
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Figure  27.  Rattler  Case,  S/N  136 


Specifically,  the  analyses  performed  indicated  that  the  mechanical 
failures  in  Groups  5 and  6 were  caused  solely  by  poor  adhesion  of  the  epoxy 
preform  to  the  package.  The  mechanical  failures  in  the  other  groups  were 
also  caused  by  poor  substrate  to  package  bonds  although  they  were  eutectic. 
Reliability  problems  associated  with  epoxy  substrate  to  package  bonds  have 
been  experienced  and  investigated  elsewhere*.  The  problems  occurred  with 
metal-bottomed  flatpacks  and  test  results  indicated  a significant  reduction 
of  capability  in  ceramic  to  metal  bonds  as  opposed  to  ceramic  to  ceramic 
bonds . 


Although  the  same  type  of  reliability  probelm  with  ceramic  to  metal  sub- 
strate bonds  occurred  in  the  test  program  herein,  it  is  important  to  note 
that  package  to  substrate  failures  did  not  adversely  affect  chip-to-substrate 
bonds . 


A residual  gas  analysis  was  made  of  S/N  045  of  Group  2A  which  evidenced 
an  electrical  failure.  ~* 


* Roger  L.  Cadenhead: 
October  1975. 
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w!.rrV!!?We?  n°  evlfence  of  nietallization  corrosion  and  the  average 
leakage  of  the  four  FET's  in  the  package  was  15  dA  Alt-hm  0u  ? 

K.d  filed  there  we.  no  evidence  Lt’f  J*f  nu£  rj  ."  ‘JTZ  “c°r 
the  use  of  an  epoxy  adhesive.  y*  was  aue  to 


Die  Shear  Testa 

OA  .?ie  8hJ!r  te“tS  Wer*  P®rformed  on  12  hybrid  assemblies  containing 
96  chips.  The  tests  were  performed  with  a knife  edge  tool  applying  a^hear 

“re8;  **  shown  in  Figure  28.  The  knife  edge  of  the  tool  was  apJjieS  to  tL 
ie  edge  as  uniformly  as  the  die  edge  surface  would  permit.  The^pplied 
force  was  calibrated  up  to  500  grams  on  the  scale  used.  Forces  could  be 

the ^ool  usedCeSIllfdi°0  ***** **!  magnitud®  COuld  be  measured  in 
092  107  115*  ifi1  numbera  °°5,  013,  035,  050,  058,  067,  080, 

a!2^107’^15LU7  a?d  131  wlthstood  forces  in  excess  of  500  grains 

At  times  the  die  would  be  crushed  when  excessive  stress  resulted  at  an  irrec- 
ar  edge,  or  when  the  force  was  Increased  until  a yield  occurred.  None  of 
he  shears  were  obtained  at  the  epoxy  interface.  The  die  would  generally 
shear  within  the  silicon  or  be  crushed.  Some  of  the  die  were  pried  off  the 
substrate  with  a knife  edge.  This  test  showed  that  the  gold  waffle  pattern 

th“  th'  — 


Figure  28.  Die  Shear  Test 

The  mechanical  integrity  of  epoxy  die  attach  demonstrated  in  these  tests 
is  in  support  of  similar  d.t.  reported  elsewhere*.  Also,  furtheJ  t!"I  2d 

t ; thet"mechani  te8t?d  thl“  pr0gram  h«  led  to  the  conclusion  + 

me?il  d?-  ^ i 1^*r!C  •rl*tic*  of  ®P°xy-«ttached  die  are  superior  to 
etal  die  attach.  This  is  reported  to  be  due  to  the  plastic  deformation 

oi  Ure2ur;  b:forValluni  ln  the  ep0xl88»  «***  result,  in  .ccoZ2t?on 
f larger  strains  than  eutectics  will  allow.  This  is  importsnt  when  thermal 
expansion  mismatches  of  bonded  parts  occur. 


* Op.  cit.:  Pletrucha  and  Reiss 

S.ptm*.rFi975Vld:  ''*dV*nC,‘  ln  trny  °*»  State  Technology, 

* ' f--'f  ? ■ i'-sisM  ,y  ■ > * 
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SECTION  VIII 


\ 


CONCLUSIONS  AND  RECOMMENDATIONS 

Hie  objective  of  this  study  was  to  evaluate  the  use  of  polymer  adhesives 
n microelectronics,  with  emphasis  on  chip  to  substrate  bonding  applications 

il  a^lr  integrity  of  chip-to-ceramic  substrate  bonds  was  demonstrated' 
in  a test  program  that  included  50,000  power  cycles  and  temperature  cycling 

lotH  ^mp®rature  extremes  UP  to  -20 dfc  and  +30(fc.  The  test  vehicles  contained 
both  bipolar  power  transistors  and  MOSFET  transistors.  MOSFET  devices  showed 
good  stability  after  20  months  of  shelf  life  environment  following  the 
rigorous  test  sequence.  No  significant  adverse  effects  from  epoxy  outaassine 
were  evidenced  either  during  the  hybrid  fabrication  process  or  the  tes^ 
sequence  All  processes,  such  as  ultrasonic  chip  wire  bonding,  were  performed 
with  no  change  from  the  standards  used  for  eutectically  bonded  assemblies. 

in  rhIa«1UIeS  phat.Were  significant  in  regard  to  the  use  of  epoxies  occurred 
n the  areas  of  substrate  attach  and  power  transistor  die  attach.  The  ceramic 
substrate  to  metal  package  epoxy  bonds  prepared  in  this  program  had  a number 
of  failures.  Some  eutectically  bonded  substrates  also  failed.  It  is  important 
o note,  however,  that  the  substrate  failures  were  induced  with  nominal 
environmental  levels  used  in  qualification  and  screening  of  microcircuits 
Substrates  which  survived  these  tests,  and  which  were  later  subjected  to  ' 
extensive  power  cycling  or  thermal  shock  tests,  also  survived  the  extended 
tests  Constant  acceleration  of  15,000  G's  was  adequate  to  detect  poor 
eutectic  and  pocr  epoxy  substrate  bonds.  Power  transistor  failures  were 
primarily  due  to  a marginal  burn-in  circuit  and  high  thermal  impedances  As 

cond^M  eutectic  d*e  and  substrate  bonding,  the  thermal  and  electrical 
conductivities  were  reduced  with  the  use  of  epoxies.  Hie  power  transistor 

tllltd  lndlcated  lability  at  500  mA  on  two  of  the  epoxies 

tested  As  this  is  approximately  23  A/cm2,  a conservative  application  limit 

onrA/hi2  ep°xy’  chlp>  and  Pack«ge  combination  should  probably  be  less  than 
20  A/cm*.  it  is  significant  that  no  failure,  substrate  or  die  related 
adversely  affected  the  mechanical  integrity  of  power  or  MOSFET  transistor 
chip-to-substrate  bonds. 

In  8un™ary»  the  die  bonds  were  equally  reliable  on  soldered  or  welded 
packages  whether  subjected  to  storage  tests  at  15<fc  or  18<fc,  whether  used 

utOT  M0SFET  Chip8’  aft6r  long  term  dormancy,  and  after  long 
term  power  cycling  and  excessive  thermal  shock.  ^ 

iS  5°nC^d!f  that  th*  ®p0Xy  adhe8ive®  used  in  this  study  provided 
positive  and  reliable  chip  bonds. 

in  adhesive8>  in  Particular  the  materials  used  here- 

in trJ COn8id®.red  yUble  candidates  for  use  as  chip  attach  in  high  reliability 
power  appl legions.  No  special  qualification  tests  are  indicated  at  this 
tin«.  This  recommendation  is  limited  to  the  technologies  tested.  Other 

atednsep!r^elj  “ ChiP*  COntainin8  thin  resistors,  should  be  evalu- 
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